The data underlying the results presented in the study are available from The DHS Program at <http://dhsprogram.com/publications/publication-fr221-dhs-final-reports.cfm>. Data are accessible free of charge upon a registration with the Demographic and Health Survey program (The DHS Program).

Introduction {#sec001}
============

Child health is a fundamental public health issue because good child health sets one up for life-long health and functioning, and wellbeing. In sub-Saharan Africa (SSA), child physical health is of particular concern due to the high rates of illness and mortality in the region. Normal (healthy) child growth, defined in this paper as children who are not stunted (not too short for their age), is a foundation for optimal child health and wellbeing. There is evidence that healthy child growth is positively associated with cognitive development, higher school achievements, lower morbidity and mortality, higher economic productivity in adulthood and better maternal reproductive outcomes \[[@pone.0224118.ref001]--[@pone.0224118.ref003]\]. Thus, suggesting the need for substantial investment in nutrition interventions to promote child growth to ensure life-long benefits. Working with international partners such as World Health Organisation (WHO) and United Nations Children's Fund (UNICEF), governments in SSA have put in place various interventions to improve child growth by addressing stunting in the region \[[@pone.0224118.ref004], [@pone.0224118.ref005]\]. However, the implementation of these programmes tends to focus more on child growth deficiencies and how to protect children against risk factors of growth deficiencies \[[@pone.0224118.ref006], [@pone.0224118.ref007]\]. Therefore, it may be difficult to directly attribute the effects of the programmes on child healthy growth outcomes, except to infer that reduction in stunting implies an increase in healthy growth. The present study fills this gap by providing evidence on the critical socio-demographic factors associated with healthy growth among children living in better-off households. Indeed, many experts have called for this type of resource-focused approach in promoting child health outcomes, as exemplified by the UNICEF childcare framework \[[@pone.0224118.ref008], [@pone.0224118.ref009]\].

Several factors affect child linear growth in low and middle incomes countries (LMICs). These factors include maternal education, employment, household wealth index, antenatal care (ANC), parity, maternal body mass index (BMI), urban place of residence, breastfeeding, and maternal age among others \[[@pone.0224118.ref010]--[@pone.0224118.ref030]\]. These factors affect child linear growth either negatively or positively. There is substantial evidence that improvement in maternal education has a significant positive effect on child growth outcomes in many settings \[[@pone.0224118.ref010]--[@pone.0224118.ref014]\]. Educated mothers tend to have children with better nutritional status compared to children of mothers with no education.

Similarly, maternal BMI has a strong positive effect on child linear growth \[[@pone.0224118.ref010], [@pone.0224118.ref011], [@pone.0224118.ref014]--[@pone.0224118.ref017]\]. A study in Ethiopia showed that maternal BMI was associated positively with children nutritional status \[[@pone.0224118.ref017]\]. Fenske and colleagues \[[@pone.0224118.ref011]\] observed that maternal age has a significant effect on childhood stunting. In India, undernutrition was more prevalent in children of 26--30 year age group mothers than the other reproductive age groups \[[@pone.0224118.ref018]\]. Relatedly, children of older mothers tend to suffer less from stunting compared to children of younger mothers \[[@pone.0224118.ref012], [@pone.0224118.ref019], [@pone.0224118.ref020]\]. Although there is scanty literature on the effects of maternal parity on child nutritional status, some few studies have observed negative associations between maternal parity and child growth outcomes \[[@pone.0224118.ref021]--[@pone.0224118.ref023]\].

Further, Kuhnt and Vollmer\[[@pone.0224118.ref024]\] found in their study that having at least four ANC visits is associated with reduced odds of stunting in pre-school children. Several studies have observed a positive effect of breastfeeding on child growth \[[@pone.0224118.ref025]--[@pone.0224118.ref027]\]. Household wealth index also has a strong positive impact on child growth \[[@pone.0224118.ref028]--[@pone.0224118.ref030]\]. Children in better-off households tend to have better growth outcomes relative to those in poor households.

The literature reviewed above focus almost exclusively on child growth deficiencies (undernutrition/abnormal growth) and the associated risk factors. Statistical analyses that examine the direct relationship between socio-demographic factors and healthy child growth are still limited, to the best of our knowledge. Therefore, it is significant to conduct analysis, using healthy growth as the primary outcome variable to elucidate the direct relationship between socio-demographic factors and healthy linear growth among children. Furthermore, it is widely recognised that children in better-off households tend to have better growth and health outcomes. However, stratified analysis to understand the key covariates responsible for the positive growth outcomes in this sub-group is lacking. This study intended to fill this gap by stratifying the analysis by better-off households, focusing on children who are growing normally (rather than those that are not) and the factors that make them grow well. We also investigated the factors that pose potential risks to child growth in better-off households. This investigation will further our understanding of the critical factors associated with healthy child growth. The objective of this study, therefore, was to examine the associations between socio-demographic factors at child, maternal, household and community levels and healthy growth among children living in better-off households.

Methodology {#sec002}
-----------

### Data sources and sampling strategy {#sec003}

This analysis used data from the Demographic and Health Surveys (DHS) \[[@pone.0224118.ref031]\], conducted in Ghana (2014), Kenya (2014), Nigeria (2013), Mozambique (2011) and Democratic Republic of Congo (DRC) (2013--2014). We based the selection of the five countries on our previous analysis using the same countries and data \[[@pone.0224118.ref012], [@pone.0224118.ref032]\]. The DHS data are nationally representative, repeated cross-sectional household surveys collected primarily in LMICs every five years using standardised questionnaires to enable cross-country comparisons \[[@pone.0224118.ref033], [@pone.0224118.ref034]\]. The DHS utilises a two-stage sample design \[[@pone.0224118.ref035]--[@pone.0224118.ref039]\]. The first stage involves the selection of sample points or clusters from an updated master sampling frame constructed from National Population and Housing Census of the respective countries \[[@pone.0224118.ref037]\]. DHS selected the clusters using systematic sampling with probability proportional to size. Household listing is then conducted in all the selected clusters to provide a sampling frame for the second stage selection of households \[[@pone.0224118.ref012], [@pone.0224118.ref037]\]. The second stage selection involves the systematic sampling of the households listed in each cluster and randomly select from the list the households to be included in the survey \[[@pone.0224118.ref012], [@pone.0224118.ref037]\]. The rationale for the second stage selection is to ensure adequate numbers of completed individual interviews to provide estimates for critical indicators with acceptable precision. All men and women aged 15--59 and 15--49 respectively, in the selected households (men in half of the households) are eligible to participate in the surveys if they were either usual residents of the household or visitors present in the home on the night before the study \[[@pone.0224118.ref012], [@pone.0224118.ref037]\].

### Study participants {#sec004}

The study population comprised children aged 0--59 months, born to mothers aged 15--49 years living in better-off households. The DHS obtained information on the children through face-to-face interviews with their mothers. Adjustable measuring board calibrated in millimetres was used in measuring study children height. Children younger than 24 months were measured lying down (recumbent length) on the board while older children were measured standing \[[@pone.0224118.ref012]\]. The DHS then converted the height data into Z-scores based on the 2006 WHO growth standards \[[@pone.0224118.ref040]\]. The total samples used in the current analysis were: Ghana, n = 1,247; Nigeria, n = 12,999; Kenya, n = 3,895; Mozambique, n = 5,711; and DRC, n = 3,943.

Ethics statement {#sec005}
----------------

Before conducting the surveys, the DHS obtained ethical clearance from Government recognised Ethical Review Committees/Institutional Review Boards of the respective countries as well as the Institutional Review Board of ICF International, USA. Study children mothers or caregivers gave written informed consent before the inclusion of their children. The authors of this paper sought and obtained permission from the DHS program for the use of the data. The data were utterly anonymised, and therefore, the authors did not seek further ethical clearance before their use.

Outcome and predictor variables {#sec006}
-------------------------------

### Outcome variables {#sec007}

The primary indicator of child linear growth used in this analysis was child height-for-age Z-scores (HAZ). The HAZ scores were computed using 2006 WHO growth standards \[[@pone.0224118.ref040]\] and classified into healthy growth (or not stunted) and stunted (or poor growth). In this paper, we described children who have HAZ equal to or above -2 SD (HAZ ≥ -2SD) \[[@pone.0224118.ref040], [@pone.0224118.ref041]\] as having a healthy growth. In contrast, children with HAZ below --2 SD (HAZ \< -2) from the median HAZ of the WHO reference population\[[@pone.0224118.ref040]\] were considered stunted (chronically malnourished).

### Predictor variables {#sec008}

We classified the predictor variables into child (dietary diversity, age and sex), maternal (body mass index, education, age, work status, parity, breastfeeding status, marital status, antenatal attendance), household (sex of household head, household size, number of children under 5 years) and community (place of residence) level variables. The child dietary diversity (DD) was created by counting the number of food groups the mother reported the child had consumed in the past 24h before the interview. Following recommended procedures in the construction of the child DD indicator \[[@pone.0224118.ref042]\], we regrouped the food types in the data into seven \[[@pone.0224118.ref007]\] main categories \[[@pone.0224118.ref012]\]: (i) grains, roots and tubers; (ii) legumes and nuts; (iii) dairy products; (iv) flesh foods and organ meats; (v) vitamin A-rich fruits and vegetables; (vi) eggs; and (vii) other fruits and vegetables. A value of 1 was given for the child's consumption of any of the food groups within 24h, while we assigned 0 for non-consumption \[[@pone.0224118.ref012]\]. These scores were then summed up to obtain the DD score, ranging from 0 to 7, and used in the analysis as a categorical predictor variable. Also, we assigned a score of 1 to a mother who indicated she was still breastfeeding, and 0 for "no" response. Marital status was recoded into "not in union" "cohabiting" and "married". Maternal body mass index (BMI), also referred to as Quetelet's Index \[[@pone.0224118.ref043]\], was derived by dividing weight in kilograms by the squared height in meters \[[@pone.0224118.ref012]\]. The BMI (kg/m^2^) was then classified into BMI\<18.50 kg/m^2^ (underweight), BMI = 18.50--24.99 kg/m^2^ (normal weight), BMI = 25.0--29.9 kg/m^2^ (overweight) and BMI≥ 30.0 kg/m^2^ (obese) \[[@pone.0224118.ref044]\]. We used BMI\<18.50 kg/m^2^ (underweight) as a referenced category in the analysis. We selected the predictor variables based on the UNICEF conceptual framework of childcare \[[@pone.0224118.ref009]\] and the literature. We subjected the selected variables to bivariate analysis to establish their relationship with the outcome variable. Only statistically significant variables were included in the multivariable analysis. We tested statistical significant associations of the categorical variables using chi-square, while continuous variables were tested using t-test. Additionally, we included variables that were not statistically significant but considered biologically important in the multivariable analysis.

### Stratification variable {#sec009}

We used the household wealth index (WI) as the stratification variable in the analysis. Several DHS reports used the WI to estimate inequalities in household characteristics, in the use of health and other services, and health outcomes \[[@pone.0224118.ref034], [@pone.0224118.ref035], [@pone.0224118.ref037], [@pone.0224118.ref045]\]. It is an indicator of wealth that is consistent with expenditure and income measurement among households \[[@pone.0224118.ref033], [@pone.0224118.ref034], [@pone.0224118.ref037]\]. The index was created based on assets ownership and housing characteristics of each household: type of roofing, and flooring material, source of drinking water, sanitation facilities, ownership of television, bicycle, motorcycle, automobile among others. A principal component analysis was employed to assign weights to each asset in each household. The asset scores were summed up, and individuals ranked according to the household score. The DHS then divided the WI into quintiles: poorest, poorer, middle, richer and richest \[[@pone.0224118.ref033], [@pone.0224118.ref034], [@pone.0224118.ref037]\]. For this analysis, we recoded middle, richer and richest households into "better-off households". We restricted all the investigations to this sub-category.

### Framework underpinning the analysis {#sec010}

The UNICEF conceptual framework \[[@pone.0224118.ref046]\], which outlines the causes of undernutrition underpinned our empirical analysis. It is a socio-ecological model encompassing factors at the individual, household and societal levels. In the UNICEF framework, child malnutrition is analysed in terms of immediate, underlying and basic causes. The immediate causes are inadequate dietary intakes and infectious disease, the underlying causes are inadequate maternal, and childcare, inadequate health services and healthy environment and the basic causes are institutional and socio-economic determinants and potential resources \[[@pone.0224118.ref046]\]. However, the extended UNICEF model of care guided this analysis \[[@pone.0224118.ref009], [@pone.0224118.ref046]\]. This framework suggests that child survival, growth and development are influenced by a web of factors, with three underlying determinants being food security, healthcare and a healthy environment, and care for children and women \[[@pone.0224118.ref009]\]. Basic determinants have a direct influence on these underlying determinants. These basic determinants may be described as "exogenous" determinants, which influence child nutrition through their effect on the intervening proximate determinants (underlying determinants). The underlying factors are, therefore, endogenously determined by the exogenous factors \[[@pone.0224118.ref046]\]. In this analysis, we included only the basic factors (socio-demographic factors) in our empirical models. We did this because there is evidence that in examining the association between child growth outcomes and exogenous factors, the proximate factors (endogenous factors) are usually excluded to avoid biased estimation of the regression parameters of the exogenous factors \[[@pone.0224118.ref047]--[@pone.0224118.ref049]\]. It is the case because the proximate factors are pathways through which the exogenous factors influence child nutrition \[[@pone.0224118.ref048]\]. Besides the basic factors, we also included antenatal care (ANC) and breastfeeding practices, which relies mostly on exogenous public health provisions rather than socio-demographic endowments of the household \[[@pone.0224118.ref046]\]. We included the two variables in the models' because changes in them are likely to be more responsive to policies, programmes and interventions rather than to differences in socio-demographic endowments of the household \[[@pone.0224118.ref046]\]. For example, there is evidence that policy, institutional and contextual settings are critical determinants of the prevalence of breastfeeding practices \[[@pone.0224118.ref047], [@pone.0224118.ref050]\].

Data analysis {#sec011}
-------------

We built two empirical regression models for each of the five countries. In the first models, we included maternal BMI, education, age, work status, parity, breastfeeding status, marital status, antenatal attendance, sex of household head, household size, number of children under five years and place of residence. We adjusted for child DD, age and sex in the second and final model. We estimated adjusted odds ratios (aORs) of the associations between the socio-demographic factors and healthy growth among children in better-off households. Because the DHS utilised complex sample design, we accounted for design effect in all the analysis using parameters such as primary sampling unit, strata and weight.

Results {#sec012}
=======

Characteristics of study samples {#sec013}
--------------------------------

The results showed that Ghana (87%) had the highest number of children with healthy growth followed by Kenya (80%), while in Mozambique, DRC and Nigeria, the prevalence ranged from 62% to 74%. Regarding dietary diversity intake, Mozambique had the highest prevalence of children who consumed at least four food groups (21%), with DRC (12%) having the lowest prevalence. Similarly, Mozambique had the highest number of women with a healthy weight (73%), followed by DRC (69%). The prevalence ranged from 43% to 59% in Ghana, Kenya and Nigeria. Ghana had the highest prevalence (59%) of women who had attained a secondary school education, while Mozambique had the lowest prevalence (21%). Higher education was less than 15% among women across all countries, with Mozambique (1.3%) registering the lowest prevalence. DRC had the highest prevalence (86%) of ANC attendance among women followed by Ghana (72%), while Nigeria had the lowest prevalence (19%). Also, Mozambique (35%) had the highest number of women who were household heads, with Nigeria (14%) having the lowest women-headed households ([Table 1](#pone.0224118.t001){ref-type="table"}).

10.1371/journal.pone.0224118.t001

###### Characteristics of the study samples of the five countries.

![](pone.0224118.t001){#pone.0224118.t001g}

  Variables                        DRC    Ghana   Kenya   Mozambique   Nigeria                               
  -------------------------------- ------ ------- ------- ------------ --------- ------ ------ ------ ------ ------
  **Child-level covariates**                                                                                 
  Height-for-age (HAZ ≥-2)         62.0           87.0                 80.0             66.0          74.2   
  DD \< 4 food groups              87.6           87.0                 80.2             78.6          86.9   
  DD \> = 4 food groups            12.4           14.0                 19.8             21.4          13.1   
  **Gender**                                                                                                 
  Female                           50.4           48.0                 49               49.2          49.5   
  Male                             49.6           52.0                 51.0             50.8          50.5   
  **Mother-level covariates**                                                                                
  ***Body Mass Index (BMI)***                                                                                
  BMI \<18.50                      9.4            2.9                  5.34             4.11          5.42   
  BMI = 18.50--24.99               69.2           43.0                 55.1             73.9          58.7   
  BMI = 25--29.99                  16.3           32.0                 27.0             17.2          24.6   
  BMI \> = 30                      3.9            22.0                 12.6             4.54          10.9   
  **Education**                                                                                              
  No education                     12.6           15.0                 6.0              24.5          20.6   
  Primary education                38.7           18.0                 50.8             53.4          24.3   
  Secondary education              46.8           59.0                 30.5             20.8          43.6   
  Higher education                 1.8            7.5                  12.6             1.26          11.5   
  **Employment status**                                                                                      
  Not working                      27.2           25.0                 36.4             63.3          25.3   
  Is working                       72.5           74.0                 63.4             36.7          74.3   
  Parity                           4.37   2.58    2.99    1.69         3.127     2.05   3.51   2.12   3.90   2.32
  Is Breastfeeding (yes)           67.8           53.0                 51.3             55.8          51.5   
  **Marital status**                                                                                         
  Not in union                     13.3           13.0                 14.7             17.3          5.1    
  Married                          67.1           65.0                 79.6             45.0          90.5   
  Cohabiting                       19.7           22.0                 5.62             37.6          4.4    
  **Antenatal attendance (ANC)**                                                                             
  Number of ANC visits \> = 4      86.3           72.0                 50.8             45.1          48.2   
  **Household-level covariates**                                                                             
  ***Sex of household head***                                                                                
  Household head is Female         19.7           29.0                 29.6             34.5          13.9   
  Household head is Male           80.3           71.0                 70.4             65.5          86.1   
  Household size                   7.30   2.99    5.0     1.93         5.57      2.31   6.49   2.89   6.73   3.56
  Number of children under 5       2.28           1.6     0.69         1.64      0.76   1.92   0.94   2.14   1.11
  **Community-level covariates**                                                                             
  Urban residence                  49.2           73.0                 52.3             45.2          55.1   

DD = Dietary diversity; DRC = Democratic Republic of Congo; SD = Standard deviation

Multivariable results of the factors promoting or inhibiting healthy child growth {#sec014}
---------------------------------------------------------------------------------

The results of the multivariable analysis of the associations between maternal, child, household and community-level factors, and healthy growth among children under five years in better-off households are presented in Tables [2](#pone.0224118.t002){ref-type="table"}--[6](#pone.0224118.t006){ref-type="table"}.

10.1371/journal.pone.0224118.t002

###### Adjusted odd ratios (aOR) of factors associated with normal growth among children living in better-off households, DRC.

![](pone.0224118.t002){#pone.0224118.t002g}

  Variables                                Model 1                                          Model 2
  ---------------------------------------- ------------------------------------------------ ------------------------------------------------
  **Mother-level covariates**                                                               
  BMI (kg/m^2^) = 18.50--24.99             1.093                                            1.124
                                           (0.782--1.526)                                   (0.796--1.589)
  BMI (kg/m^2^) = 25--29.99                1.685[\*\*\*](#t002fn002){ref-type="table-fn"}   1.751[\*\*\*](#t002fn002){ref-type="table-fn"}
                                           (1.138--2.493)                                   (1.172--2.617)
  BMI (kg/m^2^) \> = 30                    1.573                                            1.729
                                           (0.855--2.892)                                   (0.884--3.382)
  Maternal education (in single years)     1.061[\*\*\*](#t002fn002){ref-type="table-fn"}   1.060[\*\*\*](#t002fn002){ref-type="table-fn"}
                                           (1.032--1.090)                                   (1.030--1.091)
  Age of the mother (in years)             1.039[\*\*\*](#t002fn002){ref-type="table-fn"}   1.051[\*\*\*](#t002fn002){ref-type="table-fn"}
                                           (1.015--1.063)                                   (1.026--1.077)
  Employment status = working mother       0.741[\*\*\*](#t002fn002){ref-type="table-fn"}   0.747[\*\*](#t002fn003){ref-type="table-fn"}
                                           (0.597--0.920)                                   (0.597--0.934)
  Parity                                   0.902[\*\*\*](#t002fn002){ref-type="table-fn"}   0.899[\*\*\*](#t002fn002){ref-type="table-fn"}
                                           (0.844--0.965)                                   (0.838--0.965)
  Is Breastfeeding = Yes                   1.678[\*\*\*](#t002fn002){ref-type="table-fn"}   1.184
                                           (1.370--2.055)                                   (0.943--1.487)
  Marital Status = Married                 1.034                                            1.076
                                           (0.756--1.415)                                   (0.786--1.473)
  Marital Status = Cohabiting              0.976                                            0.994
                                           (0.687--1.389)                                   (0.697--1.418)
  Number of antenatal visits = 4+ visits   1.589[\*\*\*](#t002fn002){ref-type="table-fn"}   1.159
                                           (1.296--1.947)                                   (0.923--1.457)
  **Household-level covariates**                                                            
  Head of HH = Male                        0.865                                            0.868
                                           (0.681--1.098)                                   (0.678--1.111)
  Household size                           1.007                                            1.002
                                           (0.968--1.048)                                   (0.962--1.043)
  Number of children under 5 years         0.945                                            0.954
                                           (0.844--1.059)                                   (0.850--1.071)
  **Community-level covariates**                                                            
  Urban residence = Urban                  1.322[\*\*](#t002fn003){ref-type="table-fn"}     1.320[\*\*](#t002fn003){ref-type="table-fn"}
                                           (1.066--1.640)                                   (1.059--1.646)
  **Child-level covariates**                                                                
  Dietary Diversity (DD) \> = 4                                                             1.294[\*](#t002fn004){ref-type="table-fn"}
                                                                                            (0.971--1.724)
  Age of the child (in months)                                                              0.975[\*\*\*](#t002fn002){ref-type="table-fn"}
                                                                                            (0.969--0.982)
  Gender = Male                                                                             0.815[\*\*](#t002fn003){ref-type="table-fn"}
                                                                                            (0.677--0.982)
  **Observations**                         **3,943**                                        **3,943**

95% Confidence Intervals (CIs) in parentheses; DD-Dietary diversity; HH-Household head; BMI-Body mass index

\*\*\* p\<0.01

\*\* p\<0.05

\* p\<0.1

10.1371/journal.pone.0224118.t003

###### Adjusted odd ratios (aOR) of factors associated with normal growth among children living in better-off households, Ghana.

![](pone.0224118.t003){#pone.0224118.t003g}

  Variables                                Model 1                                          Model 2
  ---------------------------------------- ------------------------------------------------ ------------------------------------------------
  **Mother-level covariates**                                                               
  BMI (kg/m^2^) = 18.50--24.99             0.692                                            0.725
                                           (0.224--2.136)                                   (0.241--2.181)
  BMI (kg/ m^2^) = 25--29.99               1.230                                            1.270
                                           (0.385--3.929)                                   (0.410--3.931)
  BMI (kg/ m^2^) \> = 30                   1.617                                            1.700
                                           (0.478--5.469)                                   (0.514--5.628)
  Maternal education (in single years)     1.078[\*\*\*](#t003fn002){ref-type="table-fn"}   1.081[\*\*\*](#t003fn002){ref-type="table-fn"}
                                           (1.037--1.121)                                   (1.039--1.124)
  Age of the mother (in years)             1.047[\*](#t003fn004){ref-type="table-fn"}       1.052[\*\*](#t003fn003){ref-type="table-fn"}
                                           (0.998--1.099)                                   (1.001--1.105)
  Employment status = working mother       1.276                                            1.264
                                           (0.821--1.983)                                   (0.804--1.987)
  Parity                                   0.779[\*\*](#t003fn003){ref-type="table-fn"}     0.766[\*\*\*](#t003fn002){ref-type="table-fn"}
                                           (0.643--0.944)                                   (0.630--0.932)
  Is Breastfeeding = Yes                   1.769[\*\*](#t003fn003){ref-type="table-fn"}     1.748[\*](#t003fn004){ref-type="table-fn"}
                                           (1.129--2.771)                                   (0.981--3.116)
  Marital Status = Married                 1.956[\*\*](#t003fn003){ref-type="table-fn"}     2.104[\*\*](#t003fn003){ref-type="table-fn"}
                                           (1.032--3.708)                                   (1.101--4.022)
  Marital Status = Cohabiting              1.524                                            1.659
                                           (0.783--2.967)                                   (0.849--3.240)
  Number of antenatal visits = 4+ visits   1.124                                            1.110
                                           (0.695--1.817)                                   (0.646--1.906)
  **Household-level covariates**                                                            
  Head of HH = Male                        1.250                                            1.200
                                           (0.783--1.996)                                   (0.753--1.911)
  Household size                           0.998                                            0.998
                                           (0.894--1.114)                                   (0.891--1.117)
  Number of children under 5               0.834                                            0.843
                                           (0.555--1.253)                                   (0.559--1.274)
  **Community-level covariate**                                                             
  Urban residence = Urban                  1.020                                            0.988
                                           (0.640--1.628)                                   (0.623--1.565)
  **Child-level covariates**                                                                
  Dietary Diversity (DD) \> = 4                                                             1.022
                                                                                            (0.590--1.770)
  Age of the child (in months)                                                              0.998
                                                                                            (0.982--1.014)
  Gender = Male                                                                             0.596[\*\*](#t003fn003){ref-type="table-fn"}
                                                                                            (0.400--0.887)
  **Observations**                         **1,247**                                        **1,247**

95% Confidence Intervals (CIs) in parentheses; DD-Dietary diversity; HH-Household head; BMI-Body mass index

\*\*\* p\<0.01

\*\* p\<0.05

\* p\<0.1

10.1371/journal.pone.0224118.t004

###### Adjusted odd ratios (aOR) of factors associated with normal growth among children living in better-off households, Kenya.

![](pone.0224118.t004){#pone.0224118.t004g}

  Variables                                Model 1                                          Model 2
  ---------------------------------------- ------------------------------------------------ ------------------------------------------------
  **Mother-level covariates**                                                               
  BMI (kg/ m^2^) = 18.50--24.99            1.245                                            1.313
                                           (0.824--1.881)                                   (0.872--1.976)
  BMI (kg/ m^2^) = 25--29.99               1.880[\*\*\*](#t004fn002){ref-type="table-fn"}   2.014[\*\*\*](#t004fn002){ref-type="table-fn"}
                                           (1.195--2.960)                                   (1.284--3.158)
  BMI (kg/ m^2^) \> = 30                   1.860[\*\*](#t004fn003){ref-type="table-fn"}     1.991[\*\*](#t004fn003){ref-type="table-fn"}
                                           (1.082--3.195)                                   (1.165--3.402)
  Maternal education (in single years)     1.017                                            1.021
                                           (0.984--1.051)                                   (0.987--1.055)
  Age of the mother (in years)             1.074[\*\*\*](#t004fn002){ref-type="table-fn"}   1.075[\*\*\*](#t004fn002){ref-type="table-fn"}
                                           (1.046--1.102)                                   (1.046--1.104)
  Employment status = working mother       0.969                                            0.982
                                           (0.775--1.211)                                   (0.786--1.227)
  Parity                                   0.752[\*\*\*](#t004fn002){ref-type="table-fn"}   0.752[\*\*\*](#t004fn002){ref-type="table-fn"}
                                           (0.688--0.823)                                   (0.687--0.822)
  Is Breastfeeding = Yes                   1.373[\*\*\*](#t004fn002){ref-type="table-fn"}   1.367[\*\*](#t004fn003){ref-type="table-fn"}
                                           (1.103--1.710)                                   (1.047--1.785)
  Marital Status = Married                 1.131                                            1.112
                                           (0.826--1.547)                                   (0.810--1.526)
  Marital Status = Cohabiting              1.278                                            1.233
                                           (0.785--2.079)                                   (0.756--2.009)
  Number of antenatal visits = 4+ visits   1.132                                            1.095
                                           (0.906--1.415)                                   (0.862--1.390)
  **Household-level covariates**                                                            
  Head of HH = Male                        0.986                                            0.987
                                           (0.781--1.245)                                   (0.780--1.248)
  Household size                           1.054[\*](#t004fn004){ref-type="table-fn"}       1.047
                                           (0.991--1.122)                                   (0.984--1.114)
  Number of children under 5               1.018                                            1.026
                                           (0.871--1.189)                                   (0.878--1.200)
  **Community-level covariate**                                                             
  Urban residence = Urban                  0.883                                            0.890
                                           (0.719--1.085)                                   (0.723--1.096)
  **Child-level covariates**                                                                
  Dietary Diversity (DD) \> = 4                                                             0.784[\*](#t004fn004){ref-type="table-fn"}
                                                                                            (0.597--1.030)
  Age of the child (in months)                                                              0.996
                                                                                            (0.989--1.003)
  Gender = Male                                                                             0.625[\*\*\*](#t004fn002){ref-type="table-fn"}
                                                                                            (0.507--0.770)
  **Observations**                         **3,985**                                        **3,985**

95% Confidence Intervals (CIs) in parentheses; DD-Dietary diversity; HH-Household head; BMI-Body mass index

\*\*\* p\<0.01

\*\* p\<0.05

\* p\<0.1

10.1371/journal.pone.0224118.t005

###### Adjusted odd ratios (aOR) of factors associated with normal growth among children living in better-off households, Mozambique.

![](pone.0224118.t005){#pone.0224118.t005g}

  Variables                                Model 1                                          Model 2
  ---------------------------------------- ------------------------------------------------ ------------------------------------------------
  **Mother-level covariates**                                                               
  BMI (kg/ m^2^) = 18.50--24.99            1.780[\*\*\*](#t005fn002){ref-type="table-fn"}   1.823[\*\*\*](#t005fn002){ref-type="table-fn"}
                                           (1.303--2.430)                                   (1.329--2.500)
  BMI (kg/m m^2^) = 25.00--29.99           2.144[\*\*\*](#t005fn002){ref-type="table-fn"}   2.190[\*\*\*](#t005fn002){ref-type="table-fn"}
                                           (1.502--3.060)                                   (1.528--3.137)
  BMI (kg/ m^2^) \> = 30                   4.106[\*\*\*](#t005fn002){ref-type="table-fn"}   4.268[\*\*\*](#t005fn002){ref-type="table-fn"}
                                           (2.453--6.870)                                   (2.537--7.179)
  Maternal education (in single years)     1.077[\*\*\*](#t005fn002){ref-type="table-fn"}   1.079[\*\*\*](#t005fn002){ref-type="table-fn"}
                                           (1.052--1.102)                                   (1.054--1.105)
  Age of the mother (in years)             1.035[\*\*\*](#t005fn002){ref-type="table-fn"}   1.039[\*\*\*](#t005fn002){ref-type="table-fn"}
                                           (1.018--1.052)                                   (1.022--1.056)
  Employment status = working mother       0.941                                            0.950
                                           (0.813--1.088)                                   (0.821--1.098)
  Parity                                   0.943[\*\*](#t005fn003){ref-type="table-fn"}     0.942[\*\*](#t005fn003){ref-type="table-fn"}
                                           (0.894--0.995)                                   (0.892--0.994)
  Is Breastfeeding = Yes                   1.240[\*\*\*](#t005fn002){ref-type="table-fn"}   1.070
                                           (1.068--1.439)                                   (0.906--1.263)
  Marital Status = Married                 0.977                                            1.009
                                           (0.787--1.213)                                   (0.811--1.255)
  Marital Status = Cohabiting              1.278[\*\*](#t005fn003){ref-type="table-fn"}     1.289[\*\*](#t005fn003){ref-type="table-fn"}
                                           (1.035--1.578)                                   (1.043--1.593)
  Number of antenatal visits = 4+ visits   1.055                                            0.942
                                           (0.911--1.222)                                   (0.807--1.100)
  **Household-level covariates**                                                            
  Head of HH = Male                        0.874[\*](#t005fn004){ref-type="table-fn"}       0.887
                                           (0.746--1.024)                                   (0.757--1.039)
  Household size                           1.018                                            1.016
                                           (0.988--1.048)                                   (0.986--1.046)
  Number of children under 5               0.998                                            1.009
                                           (0.908--1.098)                                   (0.916--1.111)
  **Community-level covariate**                                                             
  Urban residence = Urban                  1.185[\*\*](#t005fn003){ref-type="table-fn"}     1.181[\*\*](#t005fn003){ref-type="table-fn"}
                                           (1.014--1.385)                                   (1.010--1.381)
  **Child-level covariates**                                                                
  Dietary Diversity (DD) \> = 4                                                             0.888
                                                                                            (0.752--1.048)
  Age of the child (in months)                                                              0.991[\*\*\*](#t005fn002){ref-type="table-fn"}
                                                                                            (0.986--0.995)
  Gender = Male                                                                             0.931
                                                                                            (0.811--1.069)
  **Observations**                         **5,711**                                        **5,711**

95% Confidence Intervals (CIs) in parentheses; DD-Dietary diversity; HH-Household head; BMI-Body mass index

\*\*\* p\<0.01

\*\* p\<0.05

\* p\<0.1

10.1371/journal.pone.0224118.t006

###### Adjusted odd ratios (aOR) of factors associated with normal growth among children living in better-off households, Nigeria.

![](pone.0224118.t006){#pone.0224118.t006g}

  Variables                                Model 1                                          Model 2
  ---------------------------------------- ------------------------------------------------ ------------------------------------------------
  **Mother-level covariates**                                                               
  BMI (kg/ m^2^) = 18.50--24.99            1.135                                            1.129
                                           (0.934--1.379)                                   (0.931--1.371)
  BMI (kg/ m^2^) = 25.00--29.99            1.434[\*\*\*](#t006fn002){ref-type="table-fn"}   1.435[\*\*\*](#t006fn002){ref-type="table-fn"}
                                           (1.157--1.777)                                   (1.159--1.777)
  BMI (kg/ m^2^) \> = 30                   1.697[\*\*\*](#t006fn002){ref-type="table-fn"}   1.706[\*\*\*](#t006fn002){ref-type="table-fn"}
                                           (1.309--2.200)                                   (1.316--2.211)
  Maternal education (in single years)     1.067[\*\*\*](#t006fn002){ref-type="table-fn"}   1.068[\*\*\*](#t006fn002){ref-type="table-fn"}
                                           (1.056--1.079)                                   (1.057--1.080)
  Age of the mother (in years)             1.033[\*\*\*](#t006fn002){ref-type="table-fn"}   1.039[\*\*\*](#t006fn002){ref-type="table-fn"}
                                           (1.021--1.045)                                   (1.027--1.051)
  Employment status = working mother       1.072                                            1.106[\*](#t006fn004){ref-type="table-fn"}
                                           (0.958--1.199)                                   (0.988--1.238)
  Parity                                   0.957[\*\*\*](#t006fn002){ref-type="table-fn"}   0.954[\*\*\*](#t006fn002){ref-type="table-fn"}
                                           (0.925--0.989)                                   (0.922--0.986)
  Is Breastfeeding = Yes                   1.537[\*\*\*](#t006fn002){ref-type="table-fn"}   1.303[\*\*\*](#t006fn002){ref-type="table-fn"}
                                           (1.388--1.703)                                   (1.162--1.461)
  Marital Status = Married                 0.806[\*](#t006fn004){ref-type="table-fn"}       0.803[\*](#t006fn004){ref-type="table-fn"}
                                           (0.625--1.039)                                   (0.622--1.037)
  Marital Status = Cohabiting              0.866                                            0.846
                                           (0.606--1.237)                                   (0.592--1.209)
  Number of antenatal visits = 4+ visits   1.080                                            0.877[\*\*](#t006fn003){ref-type="table-fn"}
                                           (0.975--1.197)                                   (0.776--0.990)
  **Household-level covariates**                                                            
  Head of HH = Male                        0.850[\*\*](#t006fn003){ref-type="table-fn"}     0.856[\*](#t006fn004){ref-type="table-fn"}
                                           (0.728--0.992)                                   (0.733--1.000)
  Household size                           0.980[\*\*](#t006fn003){ref-type="table-fn"}     0.980[\*\*](#t006fn003){ref-type="table-fn"}
                                           (0.963--0.998)                                   (0.962--0.998)
  Number of children under 5               0.946[\*](#t006fn004){ref-type="table-fn"}       0.941[\*\*](#t006fn003){ref-type="table-fn"}
                                           (0.893--1.002)                                   (0.888--0.997)
  **Community-level covariate**                                                             
  Urban residence = Urban                  1.004                                            1.013
                                           (0.910--1.108)                                   (0.917--1.118)
  **Child-level covariates**                                                                
  Dietary Diversity (DD) \> = 4                                                             1.055
                                                                                            (0.904--1.231)
  Age of the child (in months)                                                              0.988[\*\*\*](#t006fn002){ref-type="table-fn"}
                                                                                            (0.984--0.991)
  Gender = Male                                                                             0.785[\*\*\*](#t006fn002){ref-type="table-fn"}
                                                                                            (0.712--0.865)
  **Observations**                         **12,999**                                       **12,999**

95% Confidence Intervals (CIs) in parentheses; DD-Dietary diversity; HH-Household head; BMI-Body mass index

\*\*\* p\<0.01

\*\* p\<0.05

\* p\<0.1

Factors associated positively with normal child growth {#sec015}
------------------------------------------------------

The results showed that normal maternal weight (measured by BMI) was associated with increased odds of normal linear growth among children in Mozambique (aOR = 1.82, 95% CI = 1.33, 2.50). Similarly, overweight associated with increased odds of normal linear growth in DRC (aOR = 1.75, 95% CI = 1.17,2.62), Kenya (aOR = 2.01, 95% CI = 1.28, 3.16), Mozambique (aOR = 2.19, 95% = 1.53, 3.14) and Nigeria (aOR = 1.44, 95% = 1.16,1.77) relative to children of underweight mothers. Maternal obesity had a similar effect on normal linear growth in Kenya, Mozambique and Nigeria. One year increase in maternal years of education was associated with increased odds in normal linear growth among children in DRC (aOR = 1.06, 95% CI = 1.03, 1.09), Ghana (aOR = 1.08, 95% CI = 1.04, 1.12), Mozambique (aOR = 1.08, 95% CI = 1.05, 1.11) and Nigeria (aOR = 1.07, 95% CI = 1.06, 1.08). The results in Kenya did not reach statistical significance. An additional year in maternal age was associated with increased odds of normal linear growth among children in all the countries included in the analysis. Breastfeeding was associated with increased odds of normal linear growth in Nigeria (aOR = 1.30, 95% CI = 1.16, 1.46) and Kenya (aOR = 1.37, 95% CI = 1.05, 1.79). In Ghana, Mozambique and DRC, breastfeeding was associated positively with normal linear growth in the first model. Still, this significant statistical association disappeared after the child level covariates such as age, sex and dietary diversity were included in the final empirical model. Urban place of residence was associated with increased odds of normal linear growth among children in DRC (aOR = 1.32, 95% CI = 1.06, 1.65) and Mozambique (aOR = 1.18, 95% CI = 1.01, 1.38). The association did not reach statistical significance in the remaining three countries.

Factors associated negatively with normal child growth {#sec016}
------------------------------------------------------

This section examines the factors associated negatively with normal linear growth. The results showed that children of mothers who were working had 25% (aOR = 0.75, 95% CI = 0.60, 0.93) reduced odds of normal linear growth in DRC. A unit change in maternal parity was associated with 10% (aOR = 0.90, 95% CI = 0.84, 0.97), 23% (aOR = 0.77, 95% CI = 0.63, 0.93), 25% (aOR = 0.75, 95% CI = 0.69, 0.82), 6% (aOR = 0.94, 95% CI = 0.89, 0.99) and 5% (aOR = 0.95, 95% CI = 0.92, 0.99) reduced odds of normal linear growth among children in DRC, Ghana, Kenya, Mozambique and Nigeria respectively. Similarly, a unit change in child's age was associated with reduced odds of normal linear growth in DRC, Mozambique and Nigeria. Further, a child being a male was associated with 18% (aOR = 0.82, 95% CI = 0.68, 0.98), 40% (aOR = 0.60, 95% CI = 0.40, 0.89), 37% (aOR = 0.63, 95% CI = 0.51, 0.77) and 21% (aOR = 0.79, 95% CI = 0.71, 0.87) reduced odds of normal linear growth among children in DRC, Ghana, Kenya and Nigeria respectively. The association in Mozambique did not reach statistical significance.

Discussion {#sec017}
==========

This study investigated the maternal, child, household and community factors associated with normal (healthy) linear growth among children living in better-off households in DRC, Ghana, Kenya, Mozambique and Nigeria. The results highlighted the critical socio-demographic factors related to child growth outcomes and country-specific variations of these effects in the five countries. In the current analysis, higher maternal weight (measured by BMI) tends to have a significant positive impact on healthy growth among children living in better-off households in all countries except Ghana. Thus, maternal weight is a crucial determinant of positive child growth outcomes. Although a higher maternal weight has a positive effect on child healthy growth, interventions should target increasing maternal weight qualitatively for the benefit of both the mother and child. It is critical because of the negative effect of unhealthy weight on maternal health outcomes \[[@pone.0224118.ref051]--[@pone.0224118.ref053]\]. These findings are in line with the literature. Maternal nutrition has a significant positive impact on child linear growth in many settings \[[@pone.0224118.ref010]--[@pone.0224118.ref012]\]. In India, BMI had a substantial impact on child linear growth \[[@pone.0224118.ref011]\]. The preceding discussion illuminated the crucial role maternal nutrition plays in improving child nutritional status, although the pathways through which this happens may be complicated.

The vital role maternal education plays in promoting positive child health outcomes was observed in the present study. Our results showed that maternal years of schooling have significant positive effect on healthy linear growth among children in all the five countries except Kenya. Thus, suggesting that maternal education has the potential to promote the healthy growth of children living in better-off households. Interventions to improve child growth may have a positive impact on children living in these households. Previous studies documented the beneficial effects of maternal years of education on child growth outcomes. Improvement in maternal education was associated positively with a dramatic change in linear growth among pre-school children \[[@pone.0224118.ref010]--[@pone.0224118.ref012]\]. It may be the case because educated mothers tend to utilise both preventive and curative health care more \[[@pone.0224118.ref054], [@pone.0224118.ref055]\]. Educated mothers also tend to have more strongly committed attitude towards good childcare than uneducated mothers \[[@pone.0224118.ref056], [@pone.0224118.ref057]\]. Also, the more education the mother has, the more the likelihood that she is sensitive and responsive to caregiving duties \[[@pone.0224118.ref056], [@pone.0224118.ref057]\]. Also, there is evidence that children seemingly engage more positively with their mothers when maternal education is higher \[[@pone.0224118.ref012], [@pone.0224118.ref057]\]. All the above have positive effects on child growth outcomes. The literature discussed above, together with our study, demonstrated the importance of maternal education for positive child health outcomes. However, in Kenya, maternal education did not have a significant positive effect on child growth outcomes. This finding is puzzling as maternal education has consistently predict child growth in the literature. Further research is needed to disentangle the possible reasons accounting for the non-significant effect of maternal schooling on child growth outcomes in Kenya.

The benefits of breastfeeding to child health were illuminated in this study but only in two countries. Breastfeeding practice was associated significantly with the likelihood of healthy linear growth among children living in better-off households in Kenya and Nigeria. The finding may imply that mothers in these households should be encouraged to practice breastfeeding because of its beneficial effects on their children growth. These findings confirm the widely recognised benefits of breastfeeding for improved health and developmental outcomes \[[@pone.0224118.ref025]--[@pone.0224118.ref027]\]. On the contrary, breastfeeding showed a significant positive effect on child healthy linear growth in the models containing only the socio-demographic factors in Ghana, Mozambique and DRC. The statistically significant association disappeared after the inclusion of child-level covariates such as dietary diversity, age and sex in the final empirical models. Hence, whether breastfeeding will have a positive effect on healthy child growth in better-off households or not is conditional on the inclusion or otherwise of child-level covariates. This finding corroborates previous research, which suggests the addition of child-level factors when evaluating the association of breastfeeding with anthropometric outcomes \[[@pone.0224118.ref057]\]. The non-significant positive effect of breastfeeding on child growth has previously been documented \[[@pone.0224118.ref058]--[@pone.0224118.ref060]\]. Thus, while breastfeeding is critical for positive child health outcomes, it is not always the case that its effects would be statistically significant.

Our analysis also illuminated negative determinants of healthy linear growth. Maternal work status was inversely related to healthy child growth in DRC. It implies that DRC mothers who are engaged in any form of work tend to have children who have poor linear growth relative to mothers who are not working. The negative effect may boil down to inadequate childcare due to limited time available to working mothers. A study in India concluded that a mother\'s employment compromises infant feeding and care, particularly so when mothers are not able to get alternative caregivers \[[@pone.0224118.ref061]\]. This study further reported that the compromises related to childcare and feeding outweigh the benefits from employment \[[@pone.0224118.ref061]\]. Other studies have shown that mothers working away from home spend less time with their children compared to mothers who are not working outside the home and therefore likely to have children who are undernourished \[[@pone.0224118.ref062], [@pone.0224118.ref063]\]. Although women who are working tend to have access to disposable income and consequently able to provide nutritious food for their children \[[@pone.0224118.ref013], [@pone.0224118.ref017], [@pone.0224118.ref064], [@pone.0224118.ref065]\], the above discussion showed that maternal employment, indeed, could negatively affect child growth outcomes. It is worthy to note that this analysis did not investigate the categories of work and their effect on child growth \[[@pone.0224118.ref012]\]. We are therefore unable to tell the independent impact of the various occupational groups on child linear growth. It is a limitation worth noting, as different occupations may have different effects.

Similarly, the results showed that higher maternal parity impact negatively on healthy linear growth in better-off households. The effect is most significant in Kenya (25%) followed by Ghana (23%), with the least impact being in Nigeria (5%). The findings suggest that higher parity has a stronger negative effect on child healthy growth in Kenya and Ghana relative to the other countries. The adverse effects of parity on child growth may be attributed to it being an essential factor that affects maternal depletion, particularly among high fertility mothers \[[@pone.0224118.ref066], [@pone.0224118.ref067]\]. Poor maternal health has the potential to compromise the mothers\' ability to provide proper care for their children. The consequential effect of the lack of adequate care is poor child growth. Secondly, women with higher parity are likely to have many young children, who might compete for the available care resources, which can affect good care practices and consequently their children growth outcomes. Previous studies have documented that the higher the maternal parity, the less likely that their children will have positive growth outcomes \[[@pone.0224118.ref021], [@pone.0224118.ref022]\]. Children of multiparous mothers tend to have lower rates of growth and lower levels of childhood body mass index than children of nulliparous mothers \[[@pone.0224118.ref022]\]. The preceding discussion demonstrated that parity has a significant negative effect on child linear growth.

Our analysis also showed that a year increase in child\'s age was associated negatively with healthy linear growth in three (DRC, Mozambique and Nigeria) of the five countries. The implication is that older children living in better-off households are less likely to achieve healthy linear growth. These findings are consistent with previous research. Nshimyiryo and colleagues \[[@pone.0224118.ref068]\] observed that an increase in the child\'s age had a significant association with poor linear growth. For instance, children aged 6--23 months were at lower risk of poor growth than those in the older age group 24--59 months \[[@pone.0224118.ref068]\]. Also, being a male child is associated with less likelihood of healthy growth among children living in better-off households. Previous work has shown that poor linear growth was higher among male children as compared to female children \[[@pone.0224118.ref069]\]. Suggesting that male children tend to be more vulnerable to poor growth than their female counterparts in the same age group \[[@pone.0224118.ref070]\]. It might be due to preferences in feeding practices or other types of exposures \[[@pone.0224118.ref070]\]. The findings could also be because boys are expected to grow at a slightly more rapid rate compared to girls, and their growth is perhaps more easily affected by nutritional deficiencies or other exposures \[[@pone.0224118.ref071]\].

Strengths and limitations of the study {#sec018}
--------------------------------------

One significant advantage is the use of high quality, extensive nationally representative DHS data to investigate the factors associated with healthy linear growth among children living in better-off households. The comprehensive data make it possible for the findings to be generalised to the population of young children in the respective countries. The extensive data also help to produce more robust estimates of observed associations. The use of multi-country data unmasks differences and highlights commonalities in the effects of the correlates on child growth across countries. Revealing these differences may not have been possible with single country data.

Further, the height data used for computing the HAZ indicator were objectively measured, reducing possible misclassification. The novelty of this study is its focus on positive child growth outcomes rather than child growth deficiencies. A limitation worth mentioning is the cross-sectional nature of the data, which makes it challenging to disentangle potential reciprocal and otherwise complex causal relationships. We, therefore, restrict the interpretation of findings to mere associations between the explanatory variables and the outcome variables.

Conclusions {#sec019}
===========

Maternal weight (BMI) tends to have significant positive effects on healthy linear growth among children living in better-off households across all countries except Ghana. Interventions aimed at increasing maternal weight qualitatively are likely to be effective in improving the linear growth of children living in better-off households. Maternal years of education have significant positive effects on healthy linear growth in all the five countries except Kenya. Schooling has the potential to improve healthy linear growth among children in better-off households. Breastfeeding was associated with the likelihood of healthy linear growth in Kenya and Nigeria. Implying that mothers in better-off households should be encouraged to practice breastfeeding because of its beneficial effect on their children growth. Mothers work status is inversely related to healthy growth in DRC. Thus, in DRC, mothers who are engaged in any form of work tend to have children with poor growth relative to mothers who are not working. The results show that higher maternal parity associates negatively with healthy linear growth. The effect is most significant in Kenya (25%) followed by Ghana (23%), with the least impact being in Nigeria (5%). Thus, higher parity has a stronger negative impact on child healthy linear growth in Kenya and Ghana relative to the other countries.

We wish to express our gratitude to The DHS Program, USA, for providing us access to the data. We also want to acknowledge the institutions of respective countries that played critical roles in the data collection processes.
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The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Overall, you have presented an interesting manuscript of public health importance in sub-Saharan African countries. Reducing child growth faltering and ensuring optimal child growth remains a priority public health agenda among most developing countries in Africa and beyond. The study would serve as an additional input in nutrition policy makings. Your use of data from DHS as well as the inclusion of 5 countries increases the reliability and generalizability of the findings. Your analysis methodology, logistic regression, fits the objective of the study and the dichotomized nature of the outcome variable. The sections of the manuscript, introduction to conclusion, are presented in a clear and understandable way.

However, there are some major and minor issues that need to be addressed before the manuscript is accepted for publication.

Major comments (Methodology)

\- Title: Consider restating the title. For example, "Factors associated with optimal growth status of under-5 children in...."

\- Study population: It is not clear why you restricted the study to only the better-off households, given growth faltering is mainly the problem of the poor, not the rich. Please clarify it.

\- In all DHS surveys, the samples are collected following a two-stage cluster sampling scheme. Besides, the DHS sampling scheme over-represents small regions (sub-national divisions). Thus, all analyses, descriptive as well as regression, should take into account the cluster design of the study and be done after weighting the data by the corresponding weighting variable (i.e. v005 in the DHS datasets). Regression outputs of the weighted data would be surely different from the regression outputs of unweighted data for the same measure. Otherwise, the estimates would be biased towards the over-represented states. At the current state, the manuscript doesn't provide any information on how these issues were handled. Thus, I strongly recommend rerunning the data on the weighted sample and taking into account the design effect of the cluster sampling.

\- Most of the variables with a proven influence on growth are not included in the analysis. For example, frequency of feeding, quality of complementary feeding, early initiation of breastfeeding, exclusive breastfeeding, vitamin A supplementation, history of infection, hygiene, sanitation, health care utilization, media exposure\...etc. You included only dietary diversity variables. I am aware that these variables are included in the DHS datasets you used. What is your rationale to exclude these variables?

\- The measurement of the predictor variables is not provided and need to be included during your revision. For example, I could not understand what the variable "breastfeeding' refers to. It is not clear whether it refers to the duration of breastfeeding, exclusive breastfeeding or early initiation of breastfeeding. How you developed the dietary diversity scores is also not clear. I suggest including a separate section for 'variables definition and measurement'.

\- As far as I know DHS datasets, some of the variables you used are only available for children below 24 months of age. For example, the dataset doesn't enable to develop dietary diversity score for those above 24 months. Given your samples are all under-5 children, it is not clear how you handle this issue. Please explain.

\- A problem with DHS datasets is data missing. What was the level of data missing in your case? How you managed the data missing? Have you checked whether the missing cases were not different from the included cases? Please Explain. Additionally, it would be more informative to include a flow of chart of your ample selection process.

\- You mentioned 'sub-Saharan countries' in the title but you used the data of only five countries. The selection of the five countries is not clear.

Minor comments

\- Line 110-111: the statement 'Statistical analyses that simultaneously examine the positive as well as negative determinants of normal child growth are missing' is not right. There are various studies, including a study of mine, that examined the determinants of child growth simultaneously. Better to tone down the statement.

\- Lines 188-189: You recoded middle, richer and richest households into "better-off households". What is your rationale? Please provide a reference.

\- Table 1: Check the heading for consistency (raw 2 in particular).

\- Table 1: The SD columns are empty for the categorical variables, while SD values are provided for the variables on a continuous scale. Why not for the categorical variables? Besides, instead of SD, I would generally suggest presenting the 95%CI of the prevalence or means values of each variable.

\- Lines 259: put space after 1.71 (aOR=1.75, 95% CI=1.17,2.62). Please check the whole manuscript for errors like this.

\- Line 310: "The results shed new insights on both positive and negative determinants of child growth...." As your findings are not new for those in the field, please paraphrase the statement.

\- Lines 325-326: How do you explain the unexpected finding that education was not significantly associated with growth in Kenya?

\- Lines 342-343: Again how do you explain the null association between breastfeeding and growth in two of the five countries?

\- Lines 422-423: "The novelty of this study is its focus on positive child growth outcomes". This seems exaggerated given there are various studies that examined the determinants of child growth.

\- There are editorial, punctuation and formatting errors. Example Line 76: the statement 'Implementation of these programs more often than not places more emphasis on child..." Please check the manuscript thoroughly.

Reviewer \#2: Abstract

Sentence 5: Higher maternal weight (measured by body mass index) � should it be maternal adiposity (?)

aOR is presented with CI, please also provide with p values

Introduction

Comments about language/writing style:

1\. I would suggest improving the writing with more academic and indirect style (eg Line 65: "for children's sake", line 208: "we did this", etc)

2\. I would suggest consistency in the type of English pronunciation used, which I suppose should be American English (eg Line 76: programmes � programs)

Comments about content/analysis in general:

The paper addresses an important issue in public health by showing data on the child's growth in LMIC with large number of subjects. While the topic is very exciting, LMIC portrays some complicated issues, relating to infections, poverty, lifestyle, and other morbidities.

1\. There are some more factors that need to be considered in looking at children's linear growth in LMIC. Checking at the DHS report, these data are available thus need to be included in the analyses: infections (eg malaria, TB, HIV both among children and parents), delivery method/assistance, parental tobacco smoking, sanitation, vaccination, and other morbidities (especially anaemia)

2\. There have been more interests associating paternal factors and children's growth, for example: <https://www.sciencedirect.com/science/article/pii/S0021755716304375?via%3Dihub>

Please consider paternal factors, otherwise, change the title to be maternal and early life nutritional determinant factors

3\. The authors adjusted the models for child's age and sex in the second and final model which has raised an important issue because: among all factors, gender has been established as the most factor defining an individual's growth that growth standards separate the growth charts based on sex. I would suggest separating the analyses based on gender or use gender as a fixed factor in the model.

4\. Using stunting (defined as HAZ\<-2 at a time point) only as the predictor of linear growth is not wise because: 1) it does not differ stunting as growth faltering parameter with short stature, especially if not adjusted for parental height; 2) it does not reflect growth as a process, but only as a one-point measurement, 2) in paediatrics, the essential growth measurements include height, weight, adiposity (BMI as the crude/simplest measure, although is not ideal as body composition measure), and head circumference (only for children age 2 years or younger). Therefore, I would suggest complementing the analyses with catch-up/catch-down parameters (definition by ALSPAC study, BMJ 2000;320:967--71) or use height trajectories as dependent variable and then run linear mixed-models; and take into account weight-for-age, weight-for-age, and BMI-for-age scores.

5\. The data analysis part of the methods section should explain more about the models being run, given the multiple understanding of "empirical regression models". Is it regular regression with an emphasis on empirical use? Is it linear regression with empirical logit transformation? Is it logistic regression?

Comments about technical issue:

1\. Table 1: Typos and misalignment, including column title of %/mean and SD applies for all countries but somehow missing for DRC and Ghana; "IS working" under working status ; Parity, Is breastfeeding, and number of antenatal visits should be typed in bold to ease reading the table

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Shimels Hussien Mohammed

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 0

30 Nov 2019

PONE-D-19-27838

Positive and negative determinants of normal linear growth among pre-school children living in better-off households: an analysis of secondary data from sub-Saharan Africa

PLOS ONE

Comments: This is an interesting manuscript. Both well-written reviews of it note some merit in this manuscript, but have highlighted a number of areas where it needs improvement. I agree that it is very important to state why data from these 5 specific countries were used and why only data from children in higher income families were analysed. Both reviewers highlight the need to add some additional potential confounders to the statistical models, which I think is of key importance. I also think the influence of paternal factors on childhood linear growth merits further thought in a revised manuscript. Although these are the key points, all the limitations highlighted by the reviewers require dealing with in a revised manuscript.

Response: We thank you for these positive comments. Please, find below our responses to the reviewers comments. Regarding why we used 5 countries, the following statement is captured in the manuscript "The selection of these five countries was informed by our previous work (12, 32)"

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

Comment: 1. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Response: This now been done

Comment 2: We noticed you have some minor occurrence of overlapping text with the following previous publication(s), which needs to be addressed:

\- Amugsi DA, Dimbuene ZT, Kimani-Murage EW, Mberu B, Ezeh AC. Differential effects of dietary diversity and maternal characteristics on linear growth of children aged 6-59 months in sub-Saharan Africa: a multi-country analysis. Public health nutrition. 2017;20(6):1029-45

The text that needs to be addressed involves some paragraphs of the Introduction and of the Discussion.

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the methods section. Further consideration is dependent on these concerns being addressed.

Response: This has now been addressed

Comment 3: We suggest you thoroughly copyedit your manuscript for language usage, spelling, and grammar. If you do not know anyone who can help you do this, you may wish to consider employing a professional scientific editing service.

Response: This has been done. The paper was carefully edited using Grammarly (Premium version).

Reviewer \#1:

Comment: Overall, you have presented an interesting manuscript of public health importance in sub-Saharan African countries. Reducing child growth faltering and ensuring optimal child growth remains a priority public health agenda among most developing countries in Africa and beyond. The study would serve as an additional input in nutrition policy makings. Your use of data from DHS as well as the inclusion of 5 countries increases the reliability and generalizability of the findings. Your analysis methodology, logistic regression, fits the objective of the study and the dichotomized nature of the outcome variable. The sections of the manuscript, introduction to conclusion, are presented in a clear and understandable way.

However, there are some major and minor issues that need to be addressed before the manuscript is accepted for publication.

Response: We thank the reviewer for these positive comments

Major comments (Methodology)

Comment: Title: Consider restating the title. For example, "Factors associated with optimal growth status of under-5 children in...."

Response: The title now reads "Factors associated with normal linear growth among pre-school children living in better-off households: a multi-country analysis of nationally representative data"

Comment: Study population: It is not clear why you restricted the study to only the better-off households, given growth faltering is mainly the problem of the poor, not the rich. Please clarify it.

Response: The paper is not focusing on growth flattering (stunted children) but on children who are growing well (non-stunted). This sets this paper apart from the usual practices of focusing on children who are not growing well (growth flattering) and the risk and protective factors of the same. We limited the analysis to better-off households in order to elucidate the factors that make children in these households to have better health outcomes relative to children in poor households. This has already been explained in the manuscript.

Comment: In all DHS surveys, the samples are collected following a two-stage cluster sampling scheme. Besides, the DHS sampling scheme over-represents small regions (sub-national divisions). Thus, all analyses, descriptive as well as regression, should take into account the cluster design of the study and be done after weighting the data by the corresponding weighting variable (i.e. v005 in the DHS datasets). Regression outputs of the weighted data would be surely different from the regression outputs of unweighted data for the same measure. Otherwise, the estimates would be biased towards the over-represented states. At the current state, the manuscript doesn't provide any information on how these issues were handled. Thus, I strongly recommend rerunning the data on the weighted sample and taking into account the design effect of the cluster sampling.

Response: This was done but not explicitly captured in the first version of the manuscript. We have now added this sentence to address the concern "Because the DHS utilised complex sample design, we accounted for design effect in all the analysis using parametres such as primary sampling unit, strata and weight".

Comment: Most of the variables with a proven influence on growth are not included in the analysis. For example, frequency of feeding, quality of complementary feeding, early initiation of breastfeeding, exclusive breastfeeding, vitamin A supplementation, history of infection, hygiene, sanitation, health care utilization, media exposure\...etc. You included only dietary diversity variables. I am aware that these variables are included in the DHS datasets you used. What is your rationale to exclude these variables?

Response: We thank the reviewer for this comment. You are right, these variables are contained in the DHS data sets. However, to avoid making the results difficult to interpret and the tables unnecessary long (they are already long) or congested, after identifying the potential drivers (including the above referenced variables) of child growth per the literature and the UNICEF conceptual framework, we subjected them to bivariate analysis and included only statistical significant variables in the multivariable analysis. This is a standard practice in statistical analysis, since the researcher cannot include every potential factor in statistical models. Our own previous work and many others have shown that some the above referenced "proven" variables did not have a statistical significant relationship with child growth/health outcomes.

Comment: The measurement of the predictor variables is not provided and need to be included during your revision. For example, I could not understand what the variable "breastfeeding' refers to. It is not clear whether it refers to the duration of breastfeeding, exclusive breastfeeding or early initiation of breastfeeding. How you developed the dietary diversity scores is also not clear. I suggest including a separate section for 'variables definition and measurement'.

Response: We thank the reviewer for this observation. We have now included a separate section in the manuscript titled "predictor variables". See the paragraph below:

We classified the predictor variables into child (dietary diversity, age and sex), maternal (body mass index, education, age, work status, parity, breastfeeding status, marital status, antenatal attendance), household (sex of household head, household size, number of children under 5 years) and community (place of residence) level variables. The child dietary diversity (DD) was created by counting the number of food groups the mother reported the child had consumed in the past 24h before the interview. In accordance with recommended procedures on the construction of the child DD indicator (42), we regrouped the food types in the data into seven (7) main categories (12): (i) grains, roots and tubers; (ii) legumes and nuts; (iii) dairy products; (iv) ﬂesh foods and organ meats; (v) vitamin A-rich fruits and vegetables; (vi) eggs; and (vii) other fruits and vegetables. A value of 1 was given for the child's consumption of any of the food groups within 24h, while we assigned 0 for non-consumption (12). These scores were then summed up to obtain the DD score, ranging from 0 to 7, and used in the analysis as a categorical predictor variable. Also, a score of 1 was assigned to a mother who indicated she was still breastfeeding, and 0 for "no" response. Marital status was recoded into "not in union" "cohabiting" and "married". Maternal body mass index (BMI), also referred to as Quetelet's Index (43), was derived by dividing weight in kilograms by the squared height in meters (12). The BMI (kg/m2) was then classified into BMI\<18.50 kg/m2 (underweight), BMI=18.50-24.99 kg/m2 (normal weight), BMI=25.0-29.9 kg/m2 (overweight) and BMI≥ 30.0 kg/m2 (obese) (44). We used BMI\<18.50 kg/m2 (underweight) as a referenced category in the analysis. We selected the predictor variables based on the UNICEF conceptual framework of childcare (9) and the literature. We subjected the selected variables to bivariate analysis to establish their relationship with the outcome variable. Only statistically significant variables were included in the multivariable analysis.

Comment: As far as I know DHS datasets, some of the variables you used are only available for children below 24 months of age. For example, the dataset doesn't enable to develop dietary diversity score for those above 24 months. Given your samples are all under-5 children, it is not clear how you handle this issue. Please explain.

Response: We thank the reviewer for the comment. This point is not entirely accurate. The DHS collects data on dietary intake of children up to 59 months old. These data are then used by analyst to construct the dietary diversity score. We have used this variable either as an outcome or predictor variable in not less than 15 scientific papers.

Comment: A problem with DHS datasets is data missing. What was the level of data missing in your case? How you managed the data missing? Have you checked whether the missing cases were not different from the included cases? Please Explain. Additionally, it would be more informative to include a flow of chart of your ample selection process.

Response: This point is not also entirely accurate. Although the DHS data may have some issues with missing data, these issues are addressed before the data are made available to users as the following statement on their website suggests "One of the primary goals of The DHS Program is to produce high-quality data and make it available for analysis in a coherent and consistent form. However, national surveys in developing countries are prone to incomplete or partial reporting of responses. Additionally, complex questionnaires inevitably allow scope for inconsistent responses to be recorded for different questions. For the analyst this results in a data file containing incomplete or inconsistent data, complicating the analysis considerably. In order to avoid these problems, The DHS Program has adopted a policy of editing and imputation which results in a data file that accurately reflects the population studied and may be readily used for analysis. Primary data quality policies include": (<https://dhsprogram.com/data/Data-Quality-and-Use.cfm>).

We have been using the DHS data for several years and missing data have never been one of the issues we worry about.

Comment: You mentioned 'sub-Saharan countries' in the title but you used the data of only five countries. The selection of the five countries is not clear.

Response: The title now reads "Factors associated with normal linear growth among pre-school children living in better-off households: a multi-country analysis of nationally representative data"

Minor comments

Comment: Line 110-111: the statement 'Statistical analyses that simultaneously examine the positive as well as negative determinants of normal child growth are missing' is not right. There are various studies, including a study of mine, that examined the determinants of child growth simultaneously. Better to tone down the statement.

Response: We have changed "missing" to limited. Nevertheless, it is important to point out that the analytical strategy used in this paper is somewhat different from what is common in the literature. Instead of focusing on growth flattering (stunting) and the associated risk and protective factors, we focused on normal child growth (non-stunted children) and the factors that explain why these children are not stunted. We will like to invite the reviewer (s) to look at the paper from this angle.

Comment: Lines 188-189: You recoded middle, richer and richest households into "better-off households". What is your rationale? Please provide a reference.

Response: We thank the reviewer for this comment. The literature on the positive health outcomes of children living in the middle to richest households is abound. What this study seeks to do is to understand the key factors that make children in these households to have better health outcomes relative to those living in poor households.

Comment: Table 1: Check the heading for consistency (raw 2 in particular).

Response: This has been corrected

Comment: Table 1: The SD columns are empty for the categorical variables, while SD values are provided for the variables on a continuous scale. Why not for the categorical variables? Besides, instead of SD, I would generally suggest presenting the 95%CI of the prevalence or means values of each variable.

Response: We thank reviewer for this comment. We feel that it will not make scientific sense to present mean estimates for categorical variables. Also, Table 1 presents basic descriptive analysis, therefore, no confidence intervals are required.

Comment: Lines 259: put space after 1.71 (aOR=1.75, 95% CI=1.17,2.62). Please check the whole manuscript for errors like this.

Response: This has been done

Comment: Line 310: "The results shed new insights on both positive and negative determinants of child growth...." As your findings are not new for those in the field, please paraphrase the statement.

Response: This concern has been addressed

Comment: Lines 325-326: How do you explain the unexpected finding that education was not significantly associated with growth in Kenya?

Response: We thank the reviewer for this observation. This is really not an unexpected findings. There are several studies (including ours), which did not show statistical significant effect of education on child health outcomes. Thus, it is not the case that education always has statistical significant effect on child health.

Comment: Lines 342-343: Again how do you explain the null association between breastfeeding and growth in two of the five countries?

Response: We thank the reviewer for this comment. Breastfeeding is critical for positive child health outcomes, but it is not always the case that its effects would be statistically significant. The literature on the null association between breastfeeding and child growth outcomes is abound (we did show this in the manuscript). Indeed, there are several other studies (including ours) that showed inverse relationship between breastfeeding and child growth...the concept of reverse causality.

Comment: Lines 422-423: "The novelty of this study is its focus on positive child growth outcomes". This seems exaggerated given there are various studies that examined the determinants of child growth.

Response: We thank the reviewer for this comment. However, we respectfully disagree that this is an exaggeration. We have published several papers on childhood stunting (growth flattering) but this is the first time we are focusing on non-stunted children. This is also case in the literature. We will like to invite the reviewers to take note of the fact that in this paper, the outcome of interest is not stunted children but non-stunted.

Comment: There are editorial, punctuation and formatting errors. Example Line 76: the statement 'Implementation of these programs more often than not places more emphasis on child..." Please check the manuscript thoroughly.

Response: We thank the reviewer for this observation. The manuscript has been thoroughly checked using grammarly (premium version)

Reviewer \#2: Abstract

Comment: Sentence 5: Higher maternal weight (measured by body mass index) ◊ should it be maternal adiposity (?)

Response: It is maternal weight (i.e. BMI)

Comment: aOR is presented with CI, please also provide with p values

Response: We thank the reviewer for this comment. We felt that presenting both confidence intervals and p-values will make the results difficult to read/congested. For statistical significance, the CIs are considered more robust than p-values, in our view. However, the level of statistical significance (p-values) has been presented at the end of every table (except Table 1, in which we did not test any statistical significance).

Introduction

Comments about language/writing style:

Comment: 1. I would suggest improving the writing with more academic and indirect style (eg Line 65: "for children's sake", line 208: "we did this", etc)

Response: This has been corrected

Comment: 2. I would suggest consistency in the type of English pronunciation used, which I suppose should be American English (eg Line 76: programmes ◊ programs)

Response: We thank the reviewer for this comment. The manuscript is written in British English. We have carefully revised the manuscript using grammarly premium to ensure consistency.

Comments about content/analysis in general:

Comment: The paper addresses an important issue in public health by showing data on the child's growth in LMIC with large number of subjects. While the topic is very exciting, LMIC portrays some complicated issues, relating to infections, poverty, lifestyle, and other morbidities.

Response: We thank the reviewer for this positive comment

comment: 1. There are some more factors that need to be considered in looking at children's linear growth in LMIC. Checking at the DHS report, these data are available thus need to be included in the analyses: infections (eg malaria, TB, HIV both among children and parents), delivery method/assistance, parental tobacco smoking, sanitation, vaccination, and other morbidities (especially anaemia)

Response: We thank the reviewer for this comment. You are right, these variables are contained in the DHS data sets, although some of them may be country specific. However, to avoid making the results difficult to interpret and the tables unnecessary long (they are already long) or congested, after we've identified the potential drivers of child growth per the literature and the UNICEF conceptual framework, we subjected them to bivariate analysis and included only statistical significant variables in the multivariable analysis. This is a standard practice in statistical analysis, since the researcher cannot include every potential factor in statistical modelling.

Comment: 2. There have been more interests associating paternal factors and children's growth, for example: <https://www.sciencedirect.com/science/article/pii/S0021755716304375?via%3Dihub>

Please consider paternal factors, otherwise, change the title to be maternal and early life nutritional determinant factors

Response: The title now reads "Factors associated with normal linear growth among pre-school children living in better-off households: a multi-country analysis of nationally representative data"

Comment: 3. The authors adjusted the models for child's age and sex in the second and final model which has raised an important issue because: among all factors, gender has been established as the most factor defining an individual's growth that growth standards separate the growth charts based on sex. I would suggest separating the analyses based on gender or use gender as a fixed factor in the model.

Response: Adjusting for gender in the multivariable models addresses this issue. We do not think it is necessary to conduct separate analysis, using gender as a stratification variable.

Comment: 4. Using stunting (defined as HAZ\<-2 at a time point) only as the predictor of linear growth is not wise because: 1) it does not differ stunting as growth faltering parameter with short stature, especially if not adjusted for parental height; 2) it does not reflect growth as a process, but only as a one-point measurement, 2) in paediatrics, the essential growth measurements include height, weight, adiposity (BMI as the crude/simplest measure, although is not ideal as body composition measure), and head circumference (only for children age 2 years or younger). Therefore, I would suggest complementing the analyses with catch-up/catch-down parameters (definition by ALSPAC study, BMJ 2000;320:967--71) or use height trajectories as dependent variable and then run linear mixed-models; and take into account weight-for-age, weight-for-age, and BMI-for-age scores.

Response: We thank the reviewer for this comment. It is not clear what the reviewer is inviting us to do. However, we will like to point out that this paper is not about STUNTED children but NON-STUNTED. Regarding the issue of growth as a process, these are cross sectional data, therefore, examining growth as a process may be a difficult thing to do. This is would have been possible with longitudinal data.

Comment: 5. The data analysis part of the methods section should explain more about the models being run, given the multiple understanding of "empirical regression models". Is it regular regression with an emphasis on empirical use? Is it linear regression with empirical logit transformation? Is it logistic regression?

Response: We thank the reviewer for this comment. We stated in the manuscript that we employed logistic regression in the analysis.

Comments about technical issue:

Comment: 1. Table 1: Typos and misalignment, including column title of %/mean and SD applies for all countries but somehow missing for DRC and Ghana; "IS working" under working status ; Parity, Is breastfeeding, and number of antenatal visits should be typed in bold to ease reading the table

Response: This has been done
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18 Dec 2019

PONE-D-19-27838R1

Factors associated with normal linear growth among pre-school children living in better-off households: a multi-country analysis of nationally representative data

PLOS ONE

Dear Dr Amugsi,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

The revised version of this manuscript only seems to have made a relatively small amount of progress. The manuscript still clearly has merit, but I agree with both reviewers that their concerns have not been adequately addressed. I think that the quality of the manuscript merits the authors being given one more chance, but also that the authors need to more carefully consider each of the points restated by the reviewers in a second revision.

==============================

We would appreciate receiving your revised manuscript by Feb 01 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Clive J Petry, PhD

Academic Editor
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\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Thank you for addressing some of my previous comments. Variables definitions have been included and editorial issues have been thoroughly addressed. However, I'm sorry to indicate that most of my comments remain unaddressed, particularly the methodological issues. Besides, your rebuttals are largely unsatisfactory and unsupported by relevant references. It would have been better if had referenced your responses, instead of justifying just from the point of the authors' personal experience and expertise in the field. Let the work speak for itself. At this stage, I do not recommend accepting the manuscript as it would affect the literature pool as well as the reputation of the journal. Please find my comments below.

In my previous comment, I recommended the importance of stating the criteria for the selection of 5 countries, out of the over 50 African countries. Just for example, why Kenya is included but not Ethiopia? Your response has been "The selection of these five countries was informed by our previous work (12, 32)". I checked these references (12, 32), both of which don't provide any information on why data from these 5 specific countries were used. Thus, the comment still remains an important issue worthy of addressing.

Line 203: You stated "Only statistically significant variables were included in the multivariable analysis". This is wrong and a major methodological bias of the work. Selection of variables for inclusion in multivariable models is done at relaxed p-values (often at P 0.20 or 0.25); such that, variables that demonstrated P\<0.20 or P\<0.25 would be included in the multivariable model. Statistical significance at P\<0.05 is appropriate only at the final model. Besides, I would like to put at your note that variables could also be included in multivariable models based on their theoretical (biological) relevance. Please refer to the following and other references on models building:

\- Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection of variables in logistic regression. Source Code Biol Med. 2008;3:17. Published 2008 Dec 16. doi:10.1186/1751-0473-3-17

Earlier, I recommended including the following variables in your analysis: frequency of feeding, quality of complementary feeding, early initiation of breastfeeding, exclusive breastfeeding, vitamin A supplementation, history of infection, hygiene, sanitation, health care utilization, media exposure\...etc. However, your response goes "After identifying the potential drivers (including the above referenced variables) of child growth per the literature and the UNICEF conceptual framework, we subjected them to bivariate analysis and included only statistical significant variables in the multivariable analysis. This is a standard practice in statistical analysis, since the researcher cannot include every potential factor in statistical models. Our own previous work and many others have shown that some the above referenced "proven" variables did not have a statistical significant relationship with child growth/health outcomes.

Your response above is not satisfactory for many reasons including: a) I would rather argue that the evidence in support of the importance of these variables for optimal child growth and health is more robust than the evidence against their importance. Please check meta-analysis reports on the impact of caregivers' educational status on child health and nutritional outcomes. A lack of association in your and some others' data doesn't necessarily mean that the variables are of no importance in reality. There are many reasons for lack of association between two variables, particularly when using cross-sectional collected data, b) you included \< 10 predictor variables, which is really not much given child growth is a multifactorial condition. Most of your variables are even sociodemographic ones like maternal age, household size, number of children in the household, which we refer to 'distal factors'. The proximal factors, immediate determinants, are largely unaccounted. Thus, it is still better to re-run the analysis by including these variables because as far as I know, the datasets enable to do that. If you couldn't do that for logistic reasons like table size, you need to state it as a limitation, c) There is no mention of the bi-variable analysis in the statistical method section. You also did not present any result from the bi-variable analysis. This leads me to doubt whether you have done it or not. If you have done it, please state in the method the specific tests done for the different scales.

Line 80-82. "The present study fills this gap by providing robust evidence on the critical factors associated with healthy....." Please tone down the statement as this study doesn't take into account many of the important child growth and nutrition enhancing variables, like meal frequency, vaccination, hygiene, micronutrient supplementation, etc.

I am still not satisfied with your response to my comment on how you developed the dietary diversity score for children above 24 months. To the best of my knowledge, the infant and young child feeding practice (IYCFP) indicators guideline you followed to develop the diversity scores is aimed to be used for only under-24 months' children. Which guideline or methodological reference is justified your use of the variable for those above 24 months? Besides, the dietary data collected by DHS for under-24 and above-24months are quite different. That is clearly stated in all questionnaires, reports and guidelines produced by DHS itself. For more, please check the following references:

\- The 2018 Guide to DHS Statistics: for dietary diversity (please type 410 at your PDF page locator)

<https://www.dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_DHS-7.pdf>

\- For IYCF indicators: please check the following guidelines by WHO. 2007. Indicators for assessing infant and young child feeding practices.

Part I Definitions: <http://www.who.int/nutrition/publications/infantfeeding/9789241596664/en/>

Part II Measurement: <http://www.who.int/nutrition/publications/infantfeeding/9789241599290/en/>

\- A sample Nigeria DHS 2013 report: on page 211 (on pdf viewer) or page 184 (inside the document) "The 2013 NDHS used a 24-hour recall method to collect data on infant and young child feeding for all last-born children under age 2 living with their mothers. Table 11.3......"

<https://dhsprogram.com/publications/publication-fr293-dhs-final-reports.cfm>

Your response, "...We have been using the DHS data for several years and missing data have never been one of the issues we worry about", is also wrong. Data missing is actually one of the challenges in all DHS datasets. Cognizant of that, even reports of the DHS agency itself always include statements about missing information. You could randomly check any DHS report of any country. The tables and reports include a separate category labelled "missing". I put here the Nigeria DHS 2013 report for your reference on this issue. Just search 'Missing' on your pdf and see the results. I even have checked some of the datasets and learned the data is not complete on all variables as you said. Thus, I advise you to address the issue, state the level of missing as well as whether the missing cases were significantly different from the included ones. I think it is not difficult to present at least the level of missing.

<https://dhsprogram.com/publications/publication-fr293-dhs-final-reports.cfm>

Your response, "We feel that it will not make scientific sense to present mean estimates for categorical variables", doesn't make sense statistically. Mean estimates, as well as standard deviations, can be presented for both categorical and non-categorical variables. Sex is a categorical variable. You can state mean like this the mean age of females is XX year (SD), the proportion of females is XX% (SD).... The comment refers to table 1. Thus, either include SD for all variables or remove it entirely. Alternatively, instead of SD, you could present the point estimates all variables with their corresponding 95%CI. Whichever way you do, be consistent.

You stated, in your rebuttal, that the lack of association between education status of caregivers and the growth of children is not something unexpected. However, I would still argue that it is an unusual finding, given the known benefits of better education in improving child health and nutritional status. Thus, I still recommend you to state some of the potential reasons for the lack of the association between educational status and child growth in the Kenyan data.

Minor comments

Please also check the document thoroughly for editorials errors like following.

Line 115: "using healthy growth as the primaryr outcome variable...." primary

Reviewer \#2: In general, I have observed the improved quality of the paper and I think the content of this paper is important, especially for policy-making in the LMIC setting. However, I would encourage the authors to make further revisions, as below:

1\. Writing style:

I appreciate that there have been some improvements in the text, but I'm not sure that using the premium service of Grammarly (i.e. automatic software checking) is the best/most sufficient option for academic writing like this. I would suggest asking a native speaker from your group to thoroughly proofread the manuscript (checking the grammar accuracy, using consistently academic diction in the whole text, etc) or hiring a professional service. I've highlighted a few examples of mistakes that still exist in this revised manuscript:

a\. Line 115: "primaryr" (typo)

b\. Line 124: "The objective of this study, therefore, is..." (should be "was")

c\. Line 333: "The results highlight...." (should be "highlighted")

d\. Line 383-384: "Maternal work status is...." (should be "was"; "maternal work status" in some places is inconsistently written as "maternal working status", might read better as "maternal employment status"?)

e\. Text in general: many grammar inconsistencies. You may find this link helpful: <https://www.nature.com/scitable/topicpage/effective-writing-13815989/>

2\. Line 31, line 279, etc: Maternal weight (measured by BMI)

This may be too meticulous, but I still don't get it why you measure weight by BMI parameter? I might suggest writing this as "weight" (as in not taking height into account) OR adiposity (measured by BMI)

3\. I appreciate that you have changed the title to address the reviewers' comments, but it still needs editing to address these issues: 1) after all, this study is based on African setting so it needs to mention in the title, 2) factors taken into account in the analyses were limited to maternal factors (not considering paternal influence) and infant baseline characteristics (sex and feeding, not including morbidities e.g. infections, anaemia, etc.)

4\. Data analysis:

Line 245-253: As sex and age are the two most robust and determinant factors in postnatal growth, I am still not sure why you put both factors in the second covariates group, rather than being the fixed factor or in the first covariates group?

5\. Although the paper is focused more on non-stunted children, growth and infections/morbidities are inseparable in LMIC setting, so please add some justification of excluding of those factors in your analyses

6\. Please pay attention to the tables and check them carefully:

a\. Table 1: please use the same font size throughout; move "child-level covariates" one level down (not in the same level as %/mean and SD); "sex of child" replace with "gender" (no need to mention "child" because it's under the child-level covariates); "IS working" should be written as "Is working"; separate "parity" and "is breastfeeding" with space so they wouldn't seem to be part of "working status" category; etc; please check again the whole content carefully

b\. Table 2-6: I would suggest writing the names of variables more clearly; for example, "working status = is working" to be "working mother", "Sex of child = Male" to be "Male sex", etc.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Shimels Hussien Mohammed

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

4 Feb 2020

PONE-D-19-27838R1

Factors associated with normal linear growth among pre-school children living in better-off households: a multi-country analysis of nationally representative data

PLOS ONE

Reviewer \#1:

COMMENT: Thank you for addressing some of my previous comments. Variables definitions have been included and editorial issues have been thoroughly addressed. However, I'm sorry to indicate that most of my comments remain unaddressed, particularly the methodological issues. Besides, your rebuttals are largely unsatisfactory and unsupported by relevant references. It would have been better if had referenced your responses, instead of justifying just from the point of the authors' personal experience and expertise in the field. Let the work speak for itself. At this stage, I do not recommend accepting the manuscript as it would affect the literature pool as well as the reputation of the journal. Please find my comments below.

RESPONSE: We thank the reviewer for this comment. We will ensure that every response is referenced if necessary. We are not sure about the reviewer's assertion regarding the literature pool and the reputation of the Journal. As far as we know, this analysis, which focuses on exogenous drivers (socio-demographic factors) of child growth will contribute significantly to the literature considering the key exogenous variables (16) used in the analysis, and the analytical strategy...focusing on resources for health instead of risk factors, and positive health outcomes instead of negative (disease etc).

COMMENT: In my previous comment, I recommended the importance of stating the criteria for the selection of 5 countries, out of the over 50 African countries. Just for example, why Kenya is included but not Ethiopia? Your response has been "The selection of these five countries was informed by our previous work (12, 32)". I checked these references (12, 32), both of which don't provide any information on why data from these 5 specific countries were used. Thus, the comment still remains an important issue worthy of addressing.

RESPONSE: We thank the reviewer for this comment. We revised the sentence as follows; "The selection of the five countries was based on our previous analysis using the same countries and data (12, 32)" It is difficult to give any scientific justification for the use of the five countries and not the 50+ in Africa and over 100 across the low and middle income countries. The decision of the number of countries to use in an analysis is usually at the discretion of the researcher/analyst. Some analysts use 1 country, others 2 or more countries etc. Please refer to a few examples below. <https://bmjopen.bmj.com/content/6/9/e012615/> 10.1017/s0021932017000505/<https://doi.org/10.1136/bmjopen-2017-017344/> <https://doi.org/10.1017/s1368980016003426/> <https://doi.org/10.1371/journal.pone.0136748> / <https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4409817/> etc.

COMMENT: Line 203: You stated "Only statistically significant variables were included in the multivariable analysis". This is wrong and a major methodological bias of the work. Selection of variables for inclusion in multivariable models is done at relaxed p-values (often at P 0.20 or 0.25); such that, variables that demonstrated P\<0.20 or P\<0.25 would be included in the multivariable model. Statistical significance at P\<0.05 is appropriate only at the final model. Besides, I would like to put at your note that variables could also be included in multivariable models based on their theoretical (biological) relevance. Please refer to the following and other references on models building:

\- Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection of variables in logistic regression. Source Code Biol Med. 2008;3:17. Published 2008 Dec 16. doi:10.1186/1751-0473-3-17

RESPONSE: We thank the reviewer for this comment. We agree with the reviewer that biologically important variables may not have to necessarily be statistical significant at the bivariate analysis stage before they are included in the multivariable analysis. And we always endeavour to acknowledge this in our publications. Refer to examples below. We have added this sentence to the manuscript "variables that were not statistically significant but considered biologically important were included in the multivariable analysis". The type of analysis suggested in the above referenced paper are beyond the scope of our study.

<https://bmjopen.bmj.com/content/6/9/e012615> /<https://www.nature.com/articles/s41598-018-26991-4>

We however, humbly disagree with the reviewer assertion that non-significant variables should be included, whether they are considered critical by the analyst or not. This will create uninterpretable parameters and unmanageable tables. This is supported by the paper the reviewer shared: "Some methodologists suggest inclusion of all clinical and other relevant variables in the model regardless of their significance in order to control for confounding. This approach, however, can lead to numerically unstable estimates and large standard errors"

There are tens of potential drivers of child health. Since it is not possible to include all of them, there must be inclusion and exclusion criteria, and that is the purpose of the bivariate analysis...this is what is mostly done in the literature. Regarding the biases in the selection of the variables, this arises when you arbitrarily select variables without subjecting them to scientific test. In the bivariate analysis, every identified potential predictor is given the chance to be included in the multivariable analysis and the excluded variables are usually those that did not meet the inclusion criteria.

COMMENT: Earlier, I recommended including the following variables in your analysis: frequency of feeding, quality of complementary feeding, early initiation of breastfeeding, exclusive breastfeeding, vitamin A supplementation, history of infection, hygiene, sanitation, health care utilization, media exposure\...etc. However, your response goes "After identifying the potential drivers (including the above referenced variables) of child growth per the literature and the UNICEF conceptual framework, we subjected them to bivariate analysis and included only statistical significant variables in the multivariable analysis. This is a standard practice in statistical analysis, since the researcher cannot include every potential factor in statistical models. Our own previous work and many others have shown that some the above referenced "proven" variables did not have a statistical significant relationship with child growth/health outcomes.

Your response above is not satisfactory for many reasons including: a) I would rather argue that the evidence in support of the importance of these variables for optimal child growth and health is more robust than the evidence against their importance. Please check meta-analysis reports on the impact of caregivers' educational status on child health and nutritional outcomes. A lack of association in your and some others' data doesn't necessarily mean that the variables are of no importance in reality. There are many reasons for lack of association between two variables, particularly when using cross-sectional collected data, b) you included \< 10 predictor variables, which is really not much given child growth is a multifactorial condition. Most of your variables are even sociodemographic ones like maternal age, household size, number of children in the household, which we refer to 'distal factors'. The proximal factors, immediate determinants, are largely unaccounted. Thus, it is still better to re-run the analysis by including these variables because as far as I know, the datasets enable to do that. If you couldn't do that for logistic reasons like table size, you need to state it as a limitation, c) There is no mention of the bi-variable analysis in the statistical method section. You also did not present any result from the bi-variable analysis. This leads me to doubt whether you have done it or not. If you have done it, please state in the method the specific tests done for the different scales.

RESPONSE: We thank the reviewer for this comment. Although we subject several variables to bivariate analysis as indicated in our early response, the focus of the paper is on exogenous variables (socio-demographic factors). After the bivariate analysis, we settled on 16 predictor variables (and not \<10 variables). The reason for deciding to focus on only the exogenous variables (unfortunately we did bring this up in our earlier response) is captured in the paper as follows: "In this analysis, we included only the basic/exogenous factors (socio-demographic factors) in our empirical models. We did this because there is evidence that in examining the association between child growth outcomes and exogenous factors, the proximate factors (endogenous factors) are usually excluded to avoid biased estimation of the regression parameters of the exogenous factors (47-49). It is the case because the proximate factors are pathways through which the exogenous factors influence child nutrition (48)"

Regarding the bivariate analysis, we included this sentence to address the reviewer's concern: " We tested statistical significant associations of the categorical variables using chi-square, while continuous variables were tested using t-test"

COMMENT: Line 80-82. "The present study fills this gap by providing robust evidence on the critical factors associated with healthy....." Please tone down the statement as this study doesn't take into account many of the important child growth and nutrition enhancing variables, like meal frequency, vaccination, hygiene, micronutrient supplementation, etc.

RESPONSE: The sentence has been revised.

COMMENT: I am still not satisfied with your response to my comment on how you developed the dietary diversity score for children above 24 months. To the best of my knowledge, the infant and young child feeding practice (IYCFP) indicators guideline you followed to develop the diversity scores is aimed to be used for only under-24 months' children. Which guideline or methodological reference is justified your use of the variable for those above 24 months? Besides, the dietary data collected by DHS for under-24 and above-24months are quite different. That is clearly stated in all questionnaires, reports and guidelines produced by DHS itself. For more, please check the following references:

\- The 2018 Guide to DHS Statistics: for dietary diversity (please type 410 at your PDF page locator)

<https://www.dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_DHS-7.pdf>

\- For IYCF indicators: please check the following guidelines by WHO. 2007. Indicators for assessing infant and young child feeding practices.

Part I Definitions: <http://www.who.int/nutrition/publications/infantfeeding/9789241596664/en/>

Part II Measurement: <http://www.who.int/nutrition/publications/infantfeeding/9789241599290/en/>

\- A sample Nigeria DHS 2013 report: on page 211 (on pdf viewer) or page 184 (inside the document) "The 2013 NDHS used a 24-hour recall method to collect data on infant and young child feeding for all last-born children under age 2 living with their mothers. Table 11.3......"

<https://dhsprogram.com/publications/publication-fr293-dhs-final-reports.cfm>

RESPONSE: We thank the reviewer for this comment. In the DHS final data there are two sets of dietary variables: Children dietary and mothers dietary data respectively. The child dietary variables are not disaggregated by age. Also, the dietary diversity indicator used for the IYCF is the same indicator recommended for use in children under five years. The construction of the dietary diversity score in our study was based strictly on the recommended procedures of creating the same. Below are few examples of our studies and others that used this indicator for children under 5 years.

<https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6044523/#pone.0200235.ref013/> <https://doi.org/10.1017/s1368980016003426/> <https://doi.org/10.1017/s1368980016003426/> <https://doi.org/10.1136/bmjopen-2014-005340/> <https://doi.org/10.1017/> <https://doi.org/10.1371/journal.pone.0136748>

COMMENT: Your response, "...We have been using the DHS data for several years and missing data have never been one of the issues we worry about", is also wrong. Data missing is actually one of the challenges in all DHS datasets. Cognizant of that, even reports of the DHS agency itself always include statements about missing information. You could randomly check any DHS report of any country. The tables and reports include a separate category labelled "missing". I put here the Nigeria DHS 2013 report for your reference on this issue. Just search 'Missing' on your pdf and see the results. I even have checked some of the datasets and learned the data is not complete on all variables as you said. Thus, I advise you to address the issue, state the level of missing as well as whether the missing cases were significantly different from the included ones. I think it is not difficult to present at least the level of missing.

<https://dhsprogram.com/publications/publication-fr293-dhs-final-reports.cfm>

RESPONSE: We thank the reviewer for this comment. We agree with reviewer that DHS included column on missing data in their recent reports. However, missing data is not a major issue in their reports. For example, the Nigerian DHS report has an average missingness of \<1% (i.e. all tables combine). This is the case with other reports. In our analysis, we did not observe missingness as a major issue, therefore we did not see the need to conduct missing data analysis e.g. explicit imputation, since it has already been taken care of by the DHS during the preparation of the data files (see statement below from the DHS). Indeed, missing data analysis is almost non-existence in the literature using the DHS data.

"One of the primary goals of The DHS Program is to produce high-quality data and make it available for analysis in a coherent and consistent form. However, national surveys in developing countries are prone to incomplete or partial reporting of responses. Additionally, complex questionnaires inevitably allow scope for inconsistent responses to be recorded for different questions. For the analyst this results in a data file containing incomplete or inconsistent data, complicating the analysis considerably. In order to avoid these problems, The DHS Program has adopted a policy of editing and imputation which results in a data file that accurately reflects the population studied and may be readily used for analysis. Primary data quality policies include": (<https://dhsprogram.com/data/Data-Quality-and-Use.cfm>)"

COMMENT: Your response, "We feel that it will not make scientific sense to present mean estimates for categorical variables", doesn't make sense statistically. Mean estimates, as well as standard deviations, can be presented for both categorical and non-categorical variables. Sex is a categorical variable. You can state mean like this the mean age of females is XX year (SD), the proportion of females is XX% (SD).... The comment refers to table 1. Thus, either include SD for all variables or remove it entirely. Alternatively, instead of SD, you could present the point estimates all variables with their corresponding 95%CI. Whichever way you do, be consistent.

RESPONSE: We thank the reviewer for this comment. We still insist that statistically, it does not make sense to estimate means and standard deviations for categorical variables. The Editor and the statisticians at PLOS ONE may also give their opinion this. We do not also think it is necessary to present point estimates and CIs when describing the characteristics of samples. It is usually a basic analysis to give a picture of the sample before the main analysis and should, therefore, not be an issue for scientific interrogation.

COMMENT: You stated, in your rebuttal, that the lack of association between education status of caregivers and the growth of children is not something unexpected. However, I would still argue that it is an unusual finding, given the known benefits of better education in improving child health and nutritional status. Thus, I still recommend you to state some of the potential reasons for the lack of the association between educational status and child growth in the Kenyan data.

RESPONSE: We thank the reviewer for this comment. This sentences have been added to address the reviewer's concern: "However, in Kenya, maternal education did not have a significant effect on child growth outcomes. This finding is puzzling as maternal education has consistently predict child growth in the literature. Further research is needed to disentangle the possible reasons accounting for the non-significant effect of maternal schooling on child growth outcomes in Kenya"

Minor comments

COMMENT: Please also check the document thoroughly for editorials errors like following.

Line 115: "using healthy growth as the primaryr outcome variable...." Primary

RESPONSE: We thank the reviewer for this comment. This error has now been corrected

Reviewer \#2:

COMMENT: In general, I have observed the improved quality of the paper and I think the content of this paper is important, especially for policy-making in the LMIC setting. However, I would encourage the authors to make further revisions, as below:

RESPONSE: We thank the reviewer for this positive comment.

1\. Writing style:

COMMENT: I appreciate that there have been some improvements in the text, but I'm not sure that using the premium service of Grammarly (i.e. automatic software checking) is the best/most sufficient option for academic writing like this. I would suggest asking a native speaker from your group to thoroughly proofread the manuscript (checking the grammar accuracy, using consistently academic diction in the whole text, etc) or hiring a professional service. I've highlighted a few examples of mistakes that still exist in this revised manuscript:

RESPONSE: We thank the reviewer for this comment. The manuscript has been thoroughly proofread.

COMMENT: a. Line 115: "primaryr" (typo)

RESPONSE: This has now been corrected

COMMENT: b. Line 124: "The objective of this study, therefore, is..." (should be "was")

RESPONSE: This has now been corrected

COMMENT: c. Line 333: "The results highlight...." (should be "highlighted")

RESPONSE: Has been corrected.

COMMENT: d. Line 383-384: "Maternal work status is...." (should be "was"; "maternal work status" in some places is inconsistently written as "maternal working status", might read better as "maternal employment status"?)

RESPONSE: This has now been corrected

COMMENT: e. Text in general: many grammar inconsistencies. You may find this link helpful: <https://www.nature.com/scitable/topicpage/effective-writing-13815989/>

RESPONSE: We thank the reviewer for providing this link. It is helpful.

COMMENT: 2. Line 31, line 279, etc: Maternal weight (measured by BMI)

This may be too meticulous, but I still don't get it why you measure weight by BMI parameter? I might suggest writing this as "weight" (as in not taking height into account) OR adiposity (measured by BMI)

RESPONSE: We thank the reviewer for this comment. We appreciate the reviewer's concern. However, we used weight in this context to describe the level of the BMI. e.g. BMI \<18.5 kg/m\^2 = is described as "underweight"; BMI =18.5-24.99 "normal weight" and so on. You cannot tell whether an individual is underweight, overweight or obese by using the absolute value from a weighing scale. You have to compute the BMI (weight in kg divided by height in m\^2) before you are able to tell the weight status of the individual. This is the context within which we used the term "weight"

COMMENT: 3. I appreciate that you have changed the title to address the reviewers' comments, but it still needs editing to address these issues: 1) after all, this study is based on African setting so it needs to mention in the title, 2) factors taken into account in the analyses were limited to maternal factors (not considering paternal influence) and infant baseline characteristics (sex and feeding, not including morbidities e.g. infections, anaemia, etc.)

RESPONSE: We Thank the reviewer for this comment. We have changed the title to read "Socio-demographic factors associated with normal linear growth among pre-school children living in better-off households: a multi-country analysis of nationally representative data"

The paternal variables such as education and employment status were not significant in the bivariate analysis. We therefore excluded them and others to make the tables manageable.

Just to add that the paper focuses of exogenous variables (socio-demographic factors). The following is a text that explains why we use this approach. "In this analysis, we included only the basic/exogenous factors (socio-demographic factors) in our empirical models. We did this because there is evidence that in examining the association between child growth outcomes and exogenous factors, the proximate factors (endogenous factors) are usually excluded to avoid biased estimation of the regression parameters of the exogenous factors (47-49). It is the case because the proximate factors are pathways through which the exogenous factors influence child nutrition (48).

4\. Data analysis:

COMMENT: Line 245-253: As sex and age are the two most robust and determinant factors in postnatal growth, I am still not sure why you put both factors in the second covariates group, rather than being the fixed factor or in the first covariates group?

RESPONSE: We thank the reviewer for this comment. The sex and age are not candidate predictor variables but control variables in the this analysis. As explained above, this analysis focused more on exogenous variables. We therefore feel that controlling for them in the model should be enough.

COMMENT: 5. Although the paper is focused more on non-stunted children, growth and infections/morbidities are inseparable in LMIC setting, so please add some justification of excluding of those factors in your analyses

RESPONSE: We thank the reviewer for this comment. The following is the justification for the variables used in the analysis: "In this analysis, we included only the basic/exogenous factors (socio-demographic factors) in our empirical models. We did this because there is evidence that in examining the association between child growth outcomes and exogenous factors, the proximate factors (endogenous factors) are usually excluded to avoid biased estimation of the regression parameters of the exogenous factors (47-49). It is the case because the proximate factors are pathways through which the exogenous factors influence child nutrition (48)" Further, we also used the bivariate results to decide on which variables to include in the multivariable analysis. This decision was taken to ensure the stability of the models and make the results tables manageable

COMMENT: 6. Please pay attention to the tables and check them carefully:

a\. Table 1: please use the same font size throughout; move "child-level covariates" one level down (not in the same level as %/mean and SD); "sex of child" replace with "gender" (no need to mention "child" because it's under the child-level covariates); "IS working" should be written as "Is working"; separate "parity" and "is breastfeeding" with space so they wouldn't seem to be part of "working status" category; etc; please check again the whole content carefully

b\. Table 2-6: I would suggest writing the names of variables more clearly; for example, "working status = is working" to be "working mother", "Sex of child = Male" to be "Male sex", etc.

RESPONSE: This has now been corrected.

###### 

Submitted filename: RESPONSES-REVIEWERS-COMMENTS-PLOSONE.docx

###### 

Click here for additional data file.
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PONE-D-19-27838R2

Socio-demographic factors associated with normal linear growth among pre-school children living in better-off households: a multi-country analysis of nationally representative data

PLOS ONE

Dear Dr Amugsi,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

This version of the manuscript is a definite improvement on the last one. Both reviewers still have slight concerns about the manuscript, however, and have suggested further revisions, albeit that these are more minor than before. I think that the most important comment to address is the one about statistical analysis from reviewer 2. The remaining comments from both reviewers are minor. Please note that reviewer 2 has given two options for dealing their concern about the statistical analysis, so even this should be easy to achieve to a satisfactory standard. I look forward to receiving one further revised version.

​==============================

We would appreciate receiving your revised manuscript by Apr 05 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Clive J Petry, PhD

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I noticed a substantial improvement in the manuscript. Thank you for addressing my comments duly and I feel the manuscript is now close to acceptance for publication after addressing the following minor comments.

\- Line 42: Please add a comma after Nigeria in the sentence '....Nigeria respectively"

\- Line 42: Please correct the figures in the sentence "A child being a male was associated with 16% (aOR=0.82, 95% CI=0.68, 0.98)" Is it 18% or 16%. From the ORs, it seems 18% (=100%-- 82%) would be the right figure. Besides, please check and correct the figures at line 309.

\- Line 74: Please define 'WHO and UNICEF'. Abbreviations should be defined at their first appearance. Please check the manuscript thoroughly for other abbreviations, too.

\- Line 132: "LIMCs" is not right. Please correct it by 'LMICs"

\- Lines 142-145: As your study population are under-5 children, wouldn't it be better to state 'all under-5 children in the selected households were eligible for inclusion in the study'? I mean instead of stating about adults.

\- Line 151: add after mother 'or caregivers' for caregivers also provided information when mothers weren't available.

\- Line 364: predict or predicted?

\- Please check the manuscript thoroughly for other typos, punctuation and grammar issues.

\- Good luck with your modification.

Reviewer \#2: I can observe that the authors clearly consider all inputs given and have attempted to improve the manuscript. However, with all due respect, I still think these aspects should be addressed before the manuscript can be published.

1\. Statistical analyses

I understand the point you're coming from to not include all factors suggested in your model by emphasising that you focus more on the exogenous factors, but I still think that the basic endogenous/inherent factors are still inseparable and need to be included in the models (e.g. this article: <https://doi.org/10.1017/S1368980016002640>). If you still disagree, please can you add this when stating your limitation?

2\. Table

a\. Table 1 still contains different font size

b\. Table 2 and 3 look good now

c\. Table 4-6 got double colons in the title

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Shimels Hussien Mohammed

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0224118.r006

Author response to Decision Letter 2

24 Feb 2020

Reviewer \#1:

COMMENT: I noticed a substantial improvement in the manuscript. Thank you for addressing my comments duly and I feel the manuscript is now close to acceptance for publication after addressing the following minor comments.

RESPONSE: We thank the reviewer for this positive comment.

COMMENT: - Line 42: Please add a comma after Nigeria in the sentence '....Nigeria respectively"

RESPONSE: This has been done

COMMENT: - Line 42: Please correct the figures in the sentence "A child being a male was associated with 16% (aOR=0.82, 95% CI=0.68, 0.98)" Is it 18% or 16%. From the ORs, it seems 18% (=100%-- 82%) would be the right figure. Besides, please check and correct the figures at line 309.

RESPONSE: This has been done

COMMENT: - Line 74: Please define 'WHO and UNICEF'. Abbreviations should be defined at their first appearance. Please check the manuscript thoroughly for other abbreviations, too.

RESPONSE: This has now been done

COMMENT: - Line 132: "LIMCs" is not right. Please correct it by 'LMICs"

RESPONSE: This has been corrected

COMMENT: - Lines 142-145: As your study population are under-5 children, wouldn't it be better to state 'all under-5 children in the selected households were eligible for inclusion in the study'? I mean instead of stating about adults.

RESPONSE: The description in lines 142-145 refers to DHS methodology and necessarily that of the present analysis.

COMMENT:- Line 151: add after mother 'or caregivers' for caregivers also provided information when mothers weren't available.

RESPONSE: This has been done

COMMENT: - Line 364: predict or predicted?

RESPONSE: Predict

COMMENT: - Please check the manuscript thoroughly for other typos, punctuation and grammar issues.

\- Good luck with your modification.

RESPONSE: Thank you

Reviewer \#2:

COMMENT: I can observe that the authors clearly consider all inputs given and have attempted to improve the manuscript. However, with all due respect, I still think these aspects should be addressed before the manuscript can be published.

RESPONSE: Thank you for this positive comment

COMMENT: 1. Statistical analyses

I understand the point you're coming from to not include all factors suggested in your model by emphasising that you focus more on the exogenous factors, but I still think that the basic endogenous/inherent factors are still inseparable and need to be included in the models (e.g. this article: <https://doi.org/10.1017/S1368980016002640>). If you still disagree, please can you add this when stating your limitation?

RESPONSE: We thank the reviewer for this comment. We feel that the paragraph below (as captured in the manuscript) strongly justify why we focus on exogenous variables. Suffice to say that focusing on exogenous variables does not mean that the endogenous variables are ignored but that they are considered as pathways through which exogenous variables affect child growth. For example, maternal education which has found variously as a strong predictor of child health outcome does not have a direct effect on child health. Its effect is through improved caring practices, better use health services etc. by educated mothers. In light of the forgoing, it may not be necessary to indicate non-inclusion of some endogenous variables as a limitation of the analysis.

"However, the extended UNICEF model of care guided this analysis (9, 46). This framework suggests that child survival, growth and development are influenced by a web of factors, with three underlying determinants being food security, healthcare and a healthy environment, and care for children and women (9). Basic determinants have a direct influence on these underlying determinants. These basic determinants may be described as "exogenous" determinants, which influence child nutrition through their effect on the intervening proximate determinants (underlying determinants). The underlying factors are, therefore, endogenously determined by the exogenous factors (46). In this analysis, we included only the basic factors (socio-demographic factors) in our empirical models. We did this because there is evidence that in examining the association between child growth outcomes and exogenous factors, the proximate factors (endogenous factors) are usually excluded to avoid biased estimation of the regression parameters of the exogenous factors (47-49). It is the case because the proximate factors are pathways through which the exogenous factors influence child nutrition (48)."

COMMENTS:

2\. Table

a\. Table 1 still contains different font size

b\. Table 2 and 3 look good now

c\. Table 4-6 got double colons in the title

RESPONSE: These errors have now been corrected

10.1371/journal.pone.0224118.r007
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PONE-D-19-27838R3

Dear Dr. Amugsi,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Clive J Petry, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

I have judged this manuscript to be suitable for publication. However I think that the manuscript would have been better if the authors had included comment about the lack of use of endogenous factors in their statistical models as a study limitation, as suggested by one of the reviewers.

Reviewers\' comments:

10.1371/journal.pone.0224118.r008
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Socio-demographic factors associated with normal linear growth among pre-school children living in better-off households: a multi-country analysis of nationally representative data

Dear Dr. Amugsi:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Clive J Petry

Academic Editor

PLOS ONE

[^1]: **Competing Interests:**The authors have declared that no competing interests exist
